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INTRODUCTION 
In Australia considerable attention has been focused in the 
past few years on the posit ion of our internat ional 
competitiveness. In the deregulated world of the 1980's it is not 
always possible for governments to rely solely on adjusting of the 
economic levers with the use of macroeconomic factors such as 
monetary, fiscal and income policies. Attention has been shifted to 
the long-term goals of structural alteration and reform at the 
microeconomic level of the individual firm. Emphasis on the more 
efficient allocation of resources, appropriateness and timing of 
technological investment, improved organisational, managerial and 
labour pracitices and the ability to decisively cope with the 
rapidity of change have achieved a significance hitherto unknown in 
the history of our nation. The role of innovation and Technology 
Strategy, at the firm level, are but one dimension of the quest to 
augment our international competitiveness. Although only one 
dimension the amplified ability of technology to potently effect 
other aspects of policy at the microeconomic, or firm level, makes 
it of vital concern to the nation's economic health in the 'brave new 
world' of global competition. The use of external mechanisms to 
identify relevant technologies is an important tool in the adoptiorr 
of a viable Technology Strategy. The opening up of the firm to 
knowledge and influence from outside will aid responsivenss to 
market conditions and enhance competitivenss, as well as lessening 
the administrative hierarchies that stifle initiative. 
The importance of developing strategic mechanisms for 
m ic roeconomic reform to improve the in te rna t iona l 
competitiveness of Australian firms has been recognised at the 
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highest governmental level by the Comnnonwealth departments of 
Treasury, and Industry, Technology and Commerce. 
"The difficulties that emerged in the external accounts of the 
1980's have highlighted the need for major economic restructuring 
and an uplifting of efficiency and productivity in all sectors. 
and; 
"If Australian industry is to respond to our trading challenges 
and opportunit ies, it must become more internationally 
competit ive, export oriented and innovative. Accordingly, 
Government policy is aimed at integrating industry more closely 
into the world economy and reducing reliance upon protection and 
regulation."2 
The intended reforms mentioned above have been largely 
targeted at the manufacturing sector. Manufacturing has been 
highlighted as the weakest sector in the Australian economy, one 
that had been closeted behind an insular tariff protection policy. In 
the post-war era too many foreign manufacturers located in 
Australia for economies of scale to be realised and export potential 
was often restricted by export franchises. By the early seventies 
Australian manufacturing was under pressure from weak growth in 
demand, rising labour costs, a strong exchange rate and growing* 
import competition.3 The Fraser government even mooted that 
manufacturing be abandoned altogether, as it was too inefficient, 
so that we could concentrate on our strengths in primary industry. 
The increasing use of technologies and materials that 
undermined Australia's resource advantage and the premium prices 
1 Commonwealth Treasury. Budget Papers. Canberra. 1988-89. 
2 DITAC. Building International Competitiveness. Canberra. 1987. 
3 R.Braddock. Microeconomic Policy Reform in Australian Economics. December, 1988. 
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paid for high-value added products has seen a resurgence of 
interest in manufacturing in Australia. Concomitant with these 
considerations has been an increasing desire for Australian firms 
to adopt production and managerial technologies that are more 
suited to the demands of operating in an integrated global economy. 
In the highly competitive economic environment of the late 
twentieth century where the change in the fundamental nature and 
structure of production is altered by the increase in knowledge and 
changing demand and supply associations, firms are by necessity 
having to closely examine their business methodologies. 
Innovation and the strategic use of technology have become 
fundamental pre-requisites for economic well-being for both firms 
and the nation. Interest in determining helpful models of innovation 
theory and Technology Strategy mechanisms have adopted an 
increased significance as the economy strives for more optimal 
methods of organisation and production. As most work in this area 
is based on the U.S. experience little is known of how Australian 
firms are coping with this radical metamorphosis. An improved 
understanding on the role of external sources of technology and 
technical information may help to illuminate some of the 
complexities of innovation theory and its relationship with the 
emergent field of Technology Strategy. Information about this irf 
the Australian context may help to give an indication of the extent 
of change in the Australian industry and the commitment to 
microeconomic reform. 
The research used in this study is based on the work of 
Associate Professor J. David Roessner, of the Georgia Institute of 
Technology, USA. Roessner conducted a pilot study in the USA with 
four large corporations, and during a stint in 1988 as a Visiting 
Fellow at the Centre for Technology and Social Change at the 
University of Wollongong he proposed a similar study be conducted. 
This author was a member of the project team for this research 
which surveyed Research and Development (R&D) managers of firms 
with the Australian Industry Research Group (AIRG). The survey 
aimed at discovering the relative importance of various strategic 
and tactical, formal and informal, avenues for gaining technological 
information from beyond the immediate boundaries of the firm. 
Attempts were also made to ascertain the importance of these 
mechanisms as a whole and of R&D to the firm's performance in 
general. 
As a starting point to discussion it is proposed to examine a 
comprehensive selection of the background literature in innovation 
theory used by Roessner as a basis for his study. Most of this 
literature is from the 1960's and 1970's and deals with ways of 
organising R&D programs so that the gathering of information from 
external sources is facilitated. It pays particular attention to the 
signif icance of individuals who gather and monitor the flow of 
information; technological gatekeepers. 
Later theoretical material reflects the economic concerns of 
the 1980's where the gathering of knowledge, via external sources, 
is seen as part of the wider interaction of knowledge throughout 
the whole organisation. The international influence of Technology 
Strategy is undoubtedly part of the management movement to make 
the whole organisat ion responsive to, and respons ib le for 
innovative init iatives. The f indings of the Austral ian study will 
provide a useful comparison with the U.S. research on the attitude 
of Australian industry to the mechanisms of external sources, and 
an implicit guide to the disposition held on Technology Strategy. 
LITERATURE REVIEW 
J. David Roessner in his Working Paper entitled "External 
Communication Policies and Practices in R&D Intensive Firms" 
cites a broad gamut of supportive literature in order to 
substantiate the theoretical basis of his study. It is proposed in 
this work, given Roessner's integral connection with the External 
Technology Search Survey undertaken by the Centre for Technology 
and Social Change at the University of Wollongong, and this author, 
to undertake a more detailed view of Roessner's background 
literature than Roessner himself completes. Roessner's brief 
literature review makes mention of fourteen monographs and 
papers, and this review of the literature aims to closely examine 
major examples of all the areas of interest identified by Roessner, 
and by doing so provide a platform for further theoretical 
exploration of these issues subsequently in this thesis. 
A number of papers referred to by Roessner deal with the 
arrangement of scientific and technical information systems paying 
close attention to the sources of information channels used and the 
information content. Roessner generalises that these papers display 
the preference of scientists and engineers for interpersonal 
communicat ion that is informal and accessible, wh i l ^ 
acknowledging the highly complex nature of boundary spanning 
operations and the crucial role of technological gatekeepers in 
successful information transfer. 
Work done by T.J. Allen in the 1960's is heralded by Roessner 
as being part of the groundbreaking work in the study of 
information flows in R&D. The 1968 study by Gerstenberger and 
Allen focuses on the frequency of information channel utilization 
and the rate of acceptance or rejection from specific channels. This 
paper was a follow on from a previous study by Allen (1966) that 
concluded that assumptions of information quality were not the 
sole basis for channel selection. Gerstenberger and Allen found that 
the engineers surveyed turned first to the most accessible channel 
regardless of the percieved technical quali ty of the channel 's 
information, although technical quality was deemed important. The 
degree of experience with any given channel positively influenced 
uti l isation. Gerstenberger and Allen hypothesised that improving 
the quality and extent of information services would not influence 
the usage of the service. 
It is of particular interest to note the types of information 
channels and their perceived usefulness, accessibility and quality. 
Sources such as internal technical staff, group discussion and 
relevant l iterature were seen as the highest ranking channels. 
Whereas information from vendors, customers, external sources and 
company research were seen as difficult to access, use and of 
dubious technical quality. The Gerstenberger and Allen study it 
would seem is valuable in the context of current interest in the 
latter channels, as a historical document that i l lustrates the 
extent of changed global economic circumstance and their resultant 
effects of the strategies of individual organisations. 
Al len (1969) cont inues the theme of his earl ier work 
concerning the importance of accessibility in determining the usage 
of information channels. While holding to the previous standpoint 
that the majority of information sources occur internally within 
the firm or project group, Allen acknowledges that the use of 
external ideas had become significant.^ 
4 T.J.Allen. Information Needs and Users. Annual Review of Information Science and 
Technology. Vol. 4. 1969. p8 
Allen also acknowledges the effect of formal organisations, 
building and office design, and informal acquaintances and 
friendships in effecting levels of consultation and communication. 
This amalgam of causal effects would enhance Allen's view that the 
nature of communication in organisations was shrouded in mystery 
while recognising communications' central role in the functioning 
of organisations. 
It is with the concept of invisible colleges of scientists that 
Allen provides some advancement to the notion of external sources 
of information. According to Allen invisible colleges refer to 
informal, widespread linkages between scientists with similar 
specialised interests. The concept of invisible colleges provokes 
some conflict with the theory of accessibility. Allen makes no 
attempt to explain why scientists are able to maintain profitable 
external linkages while engineers find it too difficult. By 
implication Allen appears to delineate markedly between the 
strategies employed in the theoretical realm as opposed to the 
technical, yet this apparent contradiction of his previous views 
elicits no comment. 
The introduction of invisible colleges allows Allen to infer 
that information gatekeeping is important to the selection of 
information channels. Members of invisible colleges are sometimes-
seen as gatekeepers; sociometric superstars who add to the 
relevant stock of knowledge and problem solving capabilities of 
their organisation. Once more Allen merely accepts the apparent 
difference between scientists and engineers unquestioningly. 
The study by Lin and Garvey (1972) agrees with and takes 
further the previously mentioned works in its support for invisible 
colleges and other informal, interpersonal networks. It agrees with 
Allen's assessment of gatekeepers, nanning them as star 
communicators. It extends this by examining the turnover of 
personnel in an organisation concluding that recently hired 
employees communicated more among themselves and less in 
networks than did establ ished employees. However their 
communication is described as more intensive. Lin and Garvey also 
contend that researchers without extensive personal libraries also 
tended to be more likely to use interpersonal communication 
channels rather than relying on libraries and literature, although 
most respondents in their study favoured information procurement 
through established literary means. 
Lin and Garvey criticise the lack of externally sourced 
communication networks to serve the needs of those involved in 
developing and using innovations. While acknowledging the almost 
universal popular approval of such networks Lin and Garvey are 
perplexed by the "almost total lack of concern with a feedback 
component".5 The reasons for the perpetuation of this situation is 
seen as the lack of co-operation between researchers, innovators 
and administrators, and financial myopia from innovation 
financiers in so far as not fully examining the establishment of a 
feedback network in order to fully develop and refine the 
innovation. 
It is this last issue that is of most use to current 
developments in the use of external sources in R&D and provides an 
insight in that concerns over developing appropriate links have been 
aired in this area for almost two decades. One can only assume 
that reluctance to develop such communication networks arose 
from the desire not to interfere with an industrial model for 
N.Lin & W.D.Garvey. Information Needs and Users. Annual Review of Information 
Science and Technology. Vol. 7. 1972. p30 
innovat ion and manufactur ing that appeared to work most 
effectively for Western nations throughout the post-war era, with 
resultant booming production, full employment and constant growth 
in living standards. It is historically interesting to note that Lin 
and Garvey's call is prior to the industrial dislocation popularly 
felt to be precipitated by the 1973 Yom Kippur War with its 
resu l tan t oil embargo and energy cr is is . It shows that 
organisat ional stagnation was already noticeably entrenched in 
corporate innovation policies though the results of this stagnation 
were yet to be felt in the economy in general and this may not have 
been commonly attributed to the correct causes. 
The case for external sources of information, or boundary 
spanning activities, it would appear had grown considerably in the 
intervening twelve years before Brown and Schwab (1984) 
published their views. They attribute this to the development of 
new highly competitive technology based industries in which there 
is a rapidly changing external environment characterised by rapid 
product antiquity and a high rate of technological change. 
Brown and Schwab found that boundary spanning activities 
will be more likely to occur in environments that are perceived to 
be important. Environmental unpredictability did not appear to be a 
determinant of boundary spanning activit ies and such activi t ies' 
were more likely to be engaged in if the environment was seen as 
controllable. The use of external sources was felt to be strongly 
related to the individual operative's functional area or position. 
The researchers examined d i f ferent types of boundary 
spanning activit ies such as; representing, protecting, scanning, 
monitor ing, gatekeeping, l inking, acquiring and distr ibuting, and 
surmise that these tasks may be undertaken by individuals in the 
1 0 
administrat ive, engineering, manufacturing or marketing wings of 
an organisation. In the confines of their paper Brown and Schwab 
fail to examine the mechanics or frequency of their boundary 
spanning activities nor do they quantify what condit ions need to 
exist in an environment to create, or alter a perception of control 
or predict ib i l i ty . 
Exploration of these factors would have made Brown and 
Schwab more comprehensive and authoritat ive though they do 
provide a degree of contrast and a shift in emphasis to the previous 
studies cited in Roessner's literature review. 
The work of Chakrabarti, Feineman and Fuentevil la (1983) 
attempts to address some of the def iciencies of the previous 
studies by concentrat ing on the frequency of use of various 
information channels. They also combine this with factors such as 
the utility of information, dexterity in using external sources, 
source availability, ease and cost of use. 
This study shows a greater acceptance of external sources of 
in format ion, whi le l i terature, and the immediate work group 
maintain their previous profile in terms of frequency and ease of 
use, cost e f fec t iveness and in format ion uti l i ty. However a 
confidence in consulting outside expert opinion was evident as the 
util ity of information and cost ef fect iveness were c o m p a r a b l y 
rated with those of the work group and literature, though they were 
still descr ibed as being diff icult to use and avail oneself of. 
Wholesale approval of external sources was also not forthcoming as 
channels like on-line data bases and workshops were treated with 
scepticism by respondents. 
While the Chakrabarti et al study would appear to have been 
conducted with an eye for statistical detail, its methodology would 
appear to be rather deficient in that its weighty sample population 
is all derived from the one corporation; Bendix. The authors, and 
Roessner, make no mention of this fact. An attempt to understand 
the cultural bias of the firm may have been useful in analysing the 
results, e.g. we are not told of any historical tradition within 
Bendix with regard to external information sources that may unduly 
influence the conclusions of the survey. The fact that the 
narrowness of the statistical base is never questioned or explained 
must be a cause for doubting the generalisations of Chakrabarti et 
al especially when compared with the interest in external sources 
demonstrated in other studies on the Roessner list such as Brown 
and Schwab, Prager and Omenn (1980), Tushmann (1979), and 
Fusfeld and Haklisch (1985). Chakrabarti et al may have been too 
keen to adopt the intellectual mantle of Allen and his 
contemporaries, and in their enthusiasm ignored the shift of 
emphasis at work in the 1980's. 
In the opinion of Michael Tushman the innovation process is 
relatively costly and inefficient hence his aim to manage 
communication in R&D more effectively. Tushman asserts that 
scientists and engineers spend between a half and three quarters of 
their time communicating on problem solving activities. He seeks 
to discover whether the amount and type of communication, both' 
internally and externally, affects technical performance. 
External links in research and applied projects focused on 
universities and professional societies, customers and vendors 
with designated boundary spanning employees acting as 
technological gatekeepers. Researchers tended to form stronger 
bonds with the former as technicians did with the latter. External 
communication is felt to be most effective when mediated by 
gatekeepers who can also be either project members or supervisors. 
Tushman discovered that "high performing, effective"^ 
projects all had specialised communication both internally and 
externally which was facilitated by management. Less effective 
projects display none of these traits. Establishment of these 
networks comes at a price as they consume time, effort and are 
less amenable to managerial control. They are deemed worthwhile 
if they help to provide the technical feedback, information, 
stimulation and problem solving capacity needed to allay a firm's 
uncertainties over its environment. 
Based on these premises Tushman proposes a step by step, 
linear model for designing communication networks. The aim of the 
model is to achieve the best possible marriage between a project's 
information processing capacity and their information processing 
requirements. The major features of the model include an 
evaluation of the uncertainty facing a project via consideration of 
the nature of the project and its environment and interdependence 
with other areas of the organisation. Balancing this is the analysis 
of the amount of intra-project, intra-firm, and extra-firm 
communication necessary. 
Tushman's examination of the R&D project takes a step toward' 
a general theory of innovation as it builds on the previously 
discussed works on communication flows. It also gives a timely 
entry into the specific linkage proposals of Prager and Omenn. 
Prager and Omenn approach their contribution to this debate 
from a different perspective in that they acknowledge the growing 
community concerns for expanding the horizons of innovation via 
6 M . L . T u s h m a n , . M a n a g i n g Communicat ion Networks in R&D Laboratories. Sloane 
Management Review. Vol. 20. Winter. 1979. p42 
the use of external sources of information. The genesis of their 
work appears to be the efforts of the United States administration 
under Jimmy Carter to foster research and innovation links 
particularly between industry and academia. Prager and Omenn 
acknowledge the changing economic and industrial landscape that 
has become more pronounced this decade and the impetus this has 
provided for promoting links between universities and industry. 
Their conclusion that it is timely to pursue these linkages is 
reached after a frank and detailed discussion of the advantages and 
disadvantages that exist in these arrangements. Prager and Omenn 
see that linkages could be initiated and enhanced through varied 
means that are largely state driven; tax incentives, direct and joint 
funding of research, faciliting communication between parties and 
enforcing antitrust and patent laws. 
Arguments for enhancing university-industry links are seen as 
compelling. Academics are described as operating in a funding 
atmosphere that is financially squeezed, and increasingly 
accountable to government. Universities would therefore benefit 
from industry support through reduced bureaucratic restriction, 
increased stimulation of faculty,improved job prospects for 
students, and in making knowledge and technology more applicable 
commercially. Industry gains in this scheme through the widening' 
of the research effort in the face of ever stiffening foreign 
competition, as the source of ideas and technology is broadened. 
Industry is also able to draw upon scientific resources without 
expanding in-house operations. This strengthening of both sectors 
is seen as leading to an improvement in both quality and relevance 
of research thus strengthening the United States economy. 
Difficulties foreshadowed by Prager and Omenn are also 
numerous and are institutional as well academic. The fundamental 
role of the university in education and basic research may not be 
compatible with commercialisation. Research may be too general 
and varied, and the time required too long term for the needs of 
industry. The desire of industry to obtain a commercial edge often 
means that its research is proprietary and unpublishable. This 
strikes at the heart of the academic process where "freedom of 
publication and intellectual independence is paramount."'^ 
Differences in management responsibility and philosophy are 
also touted. Industry is responsible to their respective 
shareholders where financial viability is all important whereas 
universities are responsible to the public and are dependent on the 
quality of their research and students. 
Given the risks and conservative nature of both groups Prager 
and Omenn feel that corporate management may experience 
problems in justifying the diversion of resources to maintaining 
external linkages. It is only seen as worthwhile when external 
assistance is needed to maintain existing product leadership, 
wholly new product lines are sought, or when a scientific 
breakthrough is required to revamp an existing line. 
Prager and Omenn give examples of university-industry 
consortia so as to subtantiate their views. All are between large 
corporations and well known U.S. universities, and all display 
positive solutions to the aforementioned difficulties. Most 
noteworthy is the Monsanto-Harvard arrangement where a 
progressive corporation with a developed R&D programme has 
D.J.Prager & G.S.Omenn. Research. Innovation, and Universitv-lndustrv Linkages. 
Science. Vol. 207. 1980. p380. 
enlisted the aid of a stable, large productive researcher to provide 
the basic research that it does not possess. 
The Prager and Omenn paper is a productive foray into the 
debate on external linkages as it examines the concepts concerning 
universities and industries practically and in reasonable depth. A 
wider range of examples, including an analysis of some failures 
would have given the arguments a greater degree of balance, 
although the authors may have felt this to be counter productive to 
the enthusiasm they try to engender. 
Fusfeld and Haklisch's article is the most recent in the 
Roessener references being published in 1985. It enhances the 
Prager and Omenn stance that external linkages are necessary given 
the enhancement of a global competition and the tightening of 
corporate resources. It takes the stance however that consortia 
between industry and universities do not develop external links far 
enough and indeed they should be pursued at the inter-corporate 
level. Fusfeld and Haklisch claim that co-operative research groups 
with budgets from $20 million to $1 billion exist primarily in the 
micro-electronic, energy and chemical industr ies, with 
participants usually being corporations possessing hefty R&D 
budgets. The difference in these new consortia from previous 
industry associations is that they have evolved from non-' 
competitive activities to "precompetitive or procompetitive"^ R&D. 
The pressure of international competition in technology based 
industries, increasingly characterised by lengthy and expensive 
development times and shortening product cycles has seen U.S. 
firms agree to co-operate especially in the face of the Japanese 
juggernaut. The adoption of co-operative arrangements has been in 
8 H.I.Fusfeld & C.S.Haklisch. Co-operative R&D For Competitors. Harvard Business 
Review. Nov-Dec. 1985. p60 
emulation of, as well as in response to the Japanese with their 
well co-ordinated often government sponsored groups undertaking 
generic research. 
Fusfeld and Haklisch report the existence of five styles of co-
operative research; trade associations, industry associations, 
centres at universities, corporate funded independent research 
units and separate R&D corporations. Most groups (89%)9 undertake 
fundamental research, and the overwhelming majority 
demonstrated ties with universities. 
The move to precompetitive research is interesting in as much 
as it acknowledges that given the current changing economic and 
technological climate the resources of any individual corporate 
actor are insufficient to establish it as a leading international 
competitor. Fusfeld and Haklisch cite numerous arrangements 
between universities and industry, and joint ventures and licensing 
deals between various corporations. Increasingly the desire to tap 
into the "external reservoir of science and technology"io is 
prompting corporations to rationalise resources in the search for 
technical sophistication necessary for growth and profitability. 
Fusfeld and Haklisch draw poignant comparisons between the 
microelectronic and biotechnology spheres, noting the abundance of 
consortia in the former and its virtual absence in the latter. They 
explain this by claiming that biotechnology is still in an early, 
competitive, highly patentable stage where basic research can 
quickly pay off commercially whereas microelectronics is a more 
mature industry where returns from R&D are increasingly time 
consuming and costly hence the commercial attractiveness of 
consortia. 
9 p64 
10 J ^ p64 
Fusfeld and Haklisch conclude that external linkages are now 
an integral part of corporate strategies and that the relationship 
between science, technology and corporate policy is bound to 
strengthen in the foreseeable future. 
THEORETICAL DISCUSSION 
The external search for technology is but one aspect of the 
emerging issues in the relatively new field of Technology Strategy. 
Technology Strategy is rapidly becoming a core concern of firms 
given the metamorphosis in the world economy and the development 
of new generic technologies. However, Technology Strategy is not 
merely the development of new technology based products in an 
effort to gain or maintain market share, but more an organisational 
philosophy where consideration of technology is given to all 
theatres of a firm's operations. Technology is thus altered from its 
hitherto renegade status to become another operational element 
that may be actively planned and managed. It has also become more 
widely accepted that organisations that devote time and resources 
to the management of technology are more likely to be successful 
in achieving their business aims. The rise of Technology Strategy as 
business practice has seen it run ahead of innovation theory. 
Innovation studies that empirically deal with the size of firms, the 
type, degree and origins of innovation in an attempt to find a 
general model seem to have been superseded by works that 
emphasise the situation and time frame specific nature of the 
process of innovation and its cultural relationships with those 
organisations responsible for it. The role of external sources of 
technology should be seen as forming a component of industrial 
Technology Strategy practice and innovation theory. In this fashion 
external searches for technology sources becomes a function of 
acquisition and management of knowledge within the firm. Thus the 
external search for technology is an important tool in the quest for 
profitability and corporate longevity set against the ongoing 
volatility of global economics. 
Innovation theory, and its literature, has not historically 
fared as well as an academic pursuit. It has until recently appeared 
as an amorphous body of works that sat uncomfortably within any 
one discipline. Scientists may have felt it too pragmatically 
applied, engineers could see little value in any preoccupation with 
basic scientific reasearch, while economists with a Keynesian 
prediliction for demand ignored technological change as being 
outside their sphere of interest and assumed that technology was 
freely available to those that wished access to it. 
"This literature has previously been described as a loose 
incoherent body of unconnected empirical results in search of a 
purpose."! 1 
Two economists who gave credence to technological change in 
their assessments of economic development are Schumpeter and 
Schmookler. These theorists have been somewhat unjustly cast as 
the ideological founders of the crude dichotomy that has 
characterised the debate over innovation; science-push and 
demand-pull. 
Innovations that evolve from basic scientific research 
unrelated to a specific product use epitomises the idea of science-
push, whereas innovation that occurs to meet a perceived market 
requirement is said to be of the demand-pull variety. 
The surge of interest in Schumpeter primarily stems from his 
espousing of long-wave theories of economic development. 
Schumpeter, unlike other economists, argued that technological 
change was extremely relevant to the changes in the economy. 
D.Scott-Kern mis, T.Darling, R.Jolinston. Innovations for tine 1990's: New Challenges 
for Technology Policy and Strategy. DITAC, Canberra. 1988. p2. 
primarily through its effect on entrepreneurial activities and the 
growth of profitable investments and markets. The role of Research 
and Development (R&D) and its institutionalisation by corporations 
held Schumpeter's interest so much that he worked on self-
re inforc ing mechanisms rel iant on increasing market 
concentrations and increasing corporate R&D. In this way 
Schumpeter became associated with the science-push case. 
Schumpeter viewed technological change as taking place in 
three stages; invention, innovation, imitation or diffusion, j h e 
Schumpeterian separation of invention and innovation had direct 
implication for the study of external sources of technology in its 
acknowledgement of innovation occuring beyond the parameters of 
inventing firms. 
Schmookler decided that innovation was dictated by demand as 
inventions came about in an attempt to capitalise on economic 
opportunities. Science assumed a secondary role as the decision on 
whether its advances were adopted relied on the marketplace. 
Schmookler observed long-term trends in capital goods 
investments, outputs and patents, and concluded that while trends 
in all three were similar, cyclical changes occured in sales and 
investment before they were reflected in patent applications. 
Both of these theorists felt that both the enterprise of 
science and the strength of the marketplace played an equivalent 
role, arguing against a single causal factor. However, the 
polarisation of the innovation debate has seen the demand-pull 
advocates assume a higher profile. 
V.Walsh Invention and Innovation in the Chemical lndustry:Demand Pull or Discovery 
Push?. Research Policy Vol.13. 1984. p212. 
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"...it became fashionable to assume that the debate was over 
and that it had ended in a clear victory on points, if not a knock-
out, for the demand school." 
The recent study by Walsh (1984) into innovation in the 
chemical industry studied the development of the dyestuffs, 
pharmaceutical and plastics sectors throughout the twentieth 
century. Walsh arrived at the conclusion that the demand-
pull/science-push debate did not do justice to the realities, and 
that a blending of these approaches with regard to sectoral 
maturity and time was necessary. The dyestuffs industry study was 
similar to the ideas of Schmookler while both plastics and 
pharmaceuticals appeared more in harmony with Schumpeter. 
A more sophisticated theoretical discussion has emerged with 
regard to innovation that stresses the evolutionary nature of the 
process, as technology is defined as a symbiosis between its 
development potential, and its immediate and wider environments. 
The inclusion of environmental effects may appear to be an 
apparent affirmation of Schmookler, however the evolutionary 
nature of these theories allows scope for both demand-pull and 
science-push factors to come into play through the adaptation of 
the innovation. 
The technology life-cycle theory is a general model that 
develops significantly the theme of evolution. It is intimately 
aligned to the work of Abernathy and Utterback (1978) and accounts 
for the development of a new product technology through to the 
maturity of the innovation where technological development and 
market potential diminish. The application of the cycles was 
14 Walsh, op.cit. p212 
15 Ibid. p232 
expanded from individual products beyond to the micro and macro 
economic spheres. ^̂  
Abernathy and Utterback's model works in three patterns; 
product or fluid, transitional, and process or specific phases. The 
fluid state is characterised by the high frequency of product 
innovat ions, low industry entry barr iers, entrepreneurial 
management, organic organisation and flexible/non-standardised 
production using general purpose equipment. In the transitional 
stage one or more dominant product designs emerge with emphasis 
given to product variation rather than innovation, segmented 
production featuring both automatic and manual operations, 
increasing task specialisation and formalisation of procedure. Once 
in the specific state competition based on price with emphasis on 
reducing cost and streamlining production, greater product 
standardisation, greater efforts in process innovation and 
increasing vertical integration. A fourth stage of maturity can be 
evident where neither product or process innovation is of strategic 
importance, 
Further work in the area by Abernathy led to the concept of 
dematurity being added to the diagnostic mechanism. Abernathy 
came to the view that implicit in an innovation is a potential 
degree of alteration to production and markets, presenting the 
possibil ity of some devolution of the previous stage of 
technological maturity. Dematurity could arise from factors 
external to the firm such as new trends in consumer taste, supply 
side technical changes or price shifts in similar products, As 
16 Scott-Kemmis. et.al. op.cit. p17 
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such, a concept like this will have implications when considered as 
part of a firm's overall Technology Strategy. 
The technology lifecycle model has been influential in the past 
decade in explanation of organisational behaviour with its efforts 
to encapsulate technology, innovation and structural change in a 
way that allows fo r the integration of a corporate strategy 
framework. However, this model has drawn criticisms for its 
general prescriptive nature that fails to adequately explain 
longterm technological change internationally or sectorally. Clark 
(1987) has attempted, by studying the European automotive 
industry as opposed to Abernathy and Utterback's U.S. perspective, 
to expand the use of the technology life cycle theory via his Life 
Course Model. Clark, while appreciating the evolutionary nature of 
innovation, pays attention to the effects of discontinuities on 
enterprise. The networking of firms via formal technical means and 
information gatekeeping in innovative clusters is of significance to 
Clark. This adds an extra dimension to the Abernathy and Utterback 
study by paying attention to the individual organisation's technical 
situation. Clark also emphasises 'design process', looking at the 
totality of inputs into the production method. In doing so he 
acknowledges forces such as corporate culture, planning and 
external sources of information. These factors influence the level 
of innovativeness and hence evolution of the firm, 
The study by Nelson and Winter (1977) is important in its 
slant towards the learning and diffusion aspects of the innovation 
process. Nelson and Winter look upon innovation as a widely derived 
"search process" 20 where acquiring information and knowledge is 
19 J ^ p22 
20 R.Nelson & S. Winter. In Search of a Useful Theory of Innovation. Research Policy. Vol. 
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crucial to the R&D outcome. They also posit themselves in the 
school of thought that views successful as being an interaction 
between demand and supply. 
"It is no good to pick out projects that are technologically 
exciting and doable, but which have no demand, or to undertake 
projects which if successful would have a high pay-off, but where 
there is no chance of success." 21 
Indeed they feel any digression into previously the discussed 
demand-pull/science-push debate to be both naive and implausible. 
One aspect of Nelson and Winter's work that enhanced 
innovation theory is their view of natural trajectories of 
technology. As opposed to an overwhelming focus on demand Nelson 
and Winter perceive technological change, particularly in rapidly 
altering industries, as having a sense of inevitability. They argue 
that marginal changes in external conditions influence the 
attractiveness and profitability of developing a technology in a 
certain direction. These external conditions may be in the realm of 
either product or process improvement. 22 Various trajectories may 
also be complimentary e.g. improved airframe aerodynamics and 
improved jet engine capabilities. Two common natural trajectories 
with broad technological application are identified; utilisation of 
scale economies, and the mechanisation of manual operations. 
As analysts of diffusion Nelson and Winter attempt to account 
for the supply side of imitation and the institutional factors 
influencing both creation and diffusion. Nelson and Winter 
demonstrate that an important aspect in the genesis of innovation 
is the question of diffusion to other innovators. In acknowledging 
this Nelson and Winter reveal an inadequacy of previous innovation 
21 M ^ p53 
22 Ibid. p56 
research in their attitude to 'externalities'. Little account is given 
to the sources of R&D funding and generation, be it publicly or 
privately funded, or user or supplier generated. The influence of the 
externalities impinges upon the diffusion rate and potential 
profitability of an innovation, e.g. a public agency may wish to 
encourage the use of an innovation, however patenting may preclude 
widespread adoption. The resolution of conflict between these two 
institutions will influence the diffusion rate for the innovation. 
Considerations such as these raised by Nelson and Winter 
clearly have implication in the assessment of external sources of 
technology. The issue of diffusion rates brings into commercial, and 
theoretical, consideration the potential costs and advantages of 
technical information and how its resources should be sought and 
traded. 
The concept of technological trajectories has been further 
developed and enhanced by Pavitt (1984). Pavitt specifically looks 
at this phenomenon in a sectoral situation, in doing so illuminates 
the deficiencies in generalised models of innovation such as the 
technology life cycle. To Pavitt the rate and scope of technological 
change in any given sector of the economy depends on the source of 
technology, the essence of the user's needs, and the potential rate 
of return to innovators. 
The appropriate strategy in order to achieve technological 
advantage varies according to the size of the producing unit. In 
large scale manufacture individual products are not as important as 
the capacity to design, build and manage large scale continuous 
process or assembly systems. Commercial and technological 
advantage is enshrined in protected process innovation and through 
lags in imitation. For small scale operations market survival relies 
on product design, reliability, and on the ability to respond 
appropriately and rapidly to users' needs. 23 
Pavitt's study differentiates between both extremes of 
manufacturing and the science-based sector in the chemical and 
electronics industries. The trajectories of the technologies in 
these sectors have been dictated by the "rapid development of the 
underlying sciences in the universities and elsewhere." 24 j h e vast 
diversity of the applications based on the underlying science has 
ensured growth for innovative firms, with firms protecting their 
technological advances through high-cost entry barriers, patents, 
imitation lags and the secrecy of specific skills. 
Linkages amongst dif ferent categories of f irms are 
established by Pavitt. These linkages go beyond technology transfer 
to flows of information, skills and technical diversification into 
main product areas of suppliers and customers. Pavitt determines 
that supplier dominated firms and specialised equipment suppliers 
receive most of their technology from production intensive and 
science based firms. In addition science-based firms transfer 
technology to production intensive organisations. 
Pavitt is critical of technology life cycles as they do not offer 
a satisfactory explanation of the factors of process innovation and 
do not accurately point to the direction of technological change in 
all sectors. The sectoral theory also attempts to explain 
differences between product and process innovation in that it 
attempts to tie product innovation together with R&D or patent 
activity and process innovation with factors such as scale and 
complexity of process used, plant size, capital/labour ratios, and 
K.Pavitt. Sectoral Patterns of Technical Change: Towards a Taxonomy and a Theory. 
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sales concentration ratios. Expectations also arise on the degree of 
development of process innovation with small scale supplier 
dominated firms acquiring technology by definition from suppliers, 
but in science based and large scale production intensive firms 
most innovation would be concocted in-house. 
Pavitt differs from the views of Nelson and Winter in some 
determinations of the relationship between firm size, industrial 
structure, and innovativeness. Data provided for science based 
firms coincides with the Nelson and Winter position that industries 
characterised by rapid technological change, uncertain investment 
outcomes, with sizeable opportunities for innovative firms to make 
good their innovative advantage, exhibit strong tendencies toward 
concentration over time of both production and innovation 
act iv i t ies . 
However, in supplier dominated firms increases in size cannot 
be credited to innovation as little of it takes place in the sector, 
though increasing size may aid improvement in process technology. 
Pavitt claims that in production intensive firms innovation is 
possible through increasing economies of scale and not through the 
exploitation of new product/market situations. 
The major point of digression between these theorists is 
Pavitt's evidence that small innovative firms can enjoy a stable 
symbiosis with larger production intensive and science based 
firms, in sectors such as mechanical and instrument engineering. 
Explanation for this anti-Schumpeterian stance is given in sectoral 
variations in technical sources, user's necessities and means of 
appropriation. For example, in comparison with chemical and 
electronics firms, engineering firms are more reliant on customers 
for information and feedback pertaining to their operating 
performance, product development and can remain small, especially 
if they are operating in markets without intense product cycle 
traits and diversification pressures. Pavitt feels that greater 
investigation of variations in technology trajectories caused by 
increasing competition, dynamic and static economies of scale, 
market diversification and complementary relations between 
producers and users of capital goods would provide greater validity 
to the work of Nelson and Winter. 
A pertinent difference between the innovation literature of 
recent times and that of preceding decades is the emergence of a 
more holistic attitude toward innovation. In this scenario 
innovation is perceived as being the responsibility and aim of all 
corporate departments and not merely the preserve of the R&D team 
in isolation. The adoption of a broader definition of innovation has 
micro economic implications in the management, organisation and 
capital stock levels of the firm as innovation may now occur in and 
involve any element in the products, processes, internal activities 
and structure or external undertakings. 
Industrial organisation of innovation in this fashion becomes 
dependant on the adoption of a corporate education philosophy. This 
is not education in the traditional classroom sense but a cultural 
attitude condusive to learning, assessment and evaluation. It 
involves the accumulation of knowledge through experience, as well 
as interaction between suppliers and users, in conjunction with the 
formal R&D activities of the firm. In a more orthodox corporate 
structure where the educative process is restricted to either in-
house R&D and/or experimental learning it is examined by the 
previous generation of theorists as leading magically to production 
improvements. In recent innovation studies the monitoring and 
evaluation of firm wide learning is seen as an issue of management. 
The integration of the learning process when included in the overall 
organisational strategy allows for constant assessment of the 
firm's technical position, and is a basis for on-going technological 
change. This philosophical approach can be seen implicitly in 
management practices such as Total Quality Control and Just In 
Time. The firm wide acquisition of knowledge does not lead directly 
to performance enhancement but it does accumulate a stock of 
specific knowledge that constitutes the essence of the firm's 
competitive advantage. 
Maidique and Zirger (1985) apply some of these ideas in their 
work concerning the development of a product learning cycle. They 
surveyed extensively in the electronics sector and discovered that 
product success or failure was not governed solely by conventional 
variables such as macroeconomic conditions, foreign competition, 
or levels of R&D funding but influences such as the co-ordination of 
the invention, production and marketing functions, the quality and 
frequency of customer communications, the product value to the 
user and the efficacy of technology management largely explained 
the difference between success and failure. ^^ The innovation 
process for Maidique and Zirger is a constant struggle between the 
elements of change and those of the status quo. Differing views 
abound between a firm's departments (R&D, marketing, engineering 
and production) and customers concerning the viability of any new 
product development. The role of management is to reconcile these 
groups and to distribute resources that give impetus to the new. 
Their model diagramatical ly general ises that the product 
development process requires interaction in the form of 
25 M.Maidique & B.J.Zirger. The New Product Learning Cvcle. Research Policy. Vol.14. 
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information input and feedback between the market and the 
innovation and marketing arms (who in turn communicate with each 
other), and the in-house contact with the manufacturing section. 26 
Co-ordination and amelioration of this activity is management in a 
role analogous not dissimilar to that of the conductor of an 
orchestra. 
The significance of the Maidique and Zirger study is that it 
removes 'gut level' intuition from the management of innovation 
replacing it with definite strategies that continually modify and 
enhance the firm's understanding of user needs. Strategies in 
pursuit of this may be as simple as 'zen listening'. Zen listening is 
termed as the clearing of an interviewer's mind of preconceived 
values and ideas on an issue so that the customer's opinions are 
wholly absorbed without the information being tainted and filtered. 
Another usable strategy to improve learning is described by 
Maidique and Zirger as learning by using, doing and fa i l ing.27 in this 
knowledge is transferred internally and externally as both the 
product and the productive process are evaluated by its use in the 
market, the way it is conceived and made, and ultimately by 
management if it is not meeting expectations inherent in this 
continual educative process. From this errors can be learned and a 
successful product can ultimately arise a previous failure. 
Kline's (1985) chain-linked model suggests departments have 
the opportunity to have access and to contribute to the development 
of an innovation. This model provides five pathways of interaction 
linking in various configurations research and knowledge with 
market findings, invention, detailed product design, production and 
marketing. The model displays interconnections and feedback 
26 Ibid. p300 
27 Ibid. p305 
mechanisms between sectors in a way that shows that innovation 
is not wholly reliant on R&D to take place, as innovation needs the 
"totality of cumulated human knowledge" to take place.28 Kline 
justifies this view by stating that R&D from personal knowledge 
and current information in the area, and that R&D is untenable 
without reference to this store of knowledge to aid the 
improvement of human systems. 
The studies of Maidique and Zirger, and Kline give some insight 
into the new broad definition of learning and some of its 
implications for innovation and organisational policy. It would 
seem that it is apt to describe the internal and external flows of 
information and the build-up of the firm's stock of knowledge as 
the acquisition of 'intangible assets'.29 These intangible assets 
result from the learning process involving both formal and 
experiential processes. In identifying and dealing with problems 
and uncertainties in the innovation process the firm has the 
opportuni ty to improve its technical knowledge, internal 
organisation and market intelligence. This will aid the firm's 
overall competitive advantage. In the Australian context it would 
appear that firms have still a long way to go in evolving the 
attitudinal and organisational will in acquiring intangible assets 
and in developing the technology strategies necessary to maintain 
and enhance comptetitive advantage. 
The Australian situation has been addressed in a draft 
methodological study by the Centre for Technology and Social 
Change at the University of Wollongong. This study highlights the 
limited understanding at Board level of technological issues and the 
28 S.Kline. Innovation is Not a Linear Process. Research Management. July-August, 1985. 
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29 Scott-Kemnnis.et.al. op.cit. p26 
level of unawareness in the Australian managements of how to use 
technology for strategic development, and the relatively low status 
afforded to R & D . ^ o 
Australian management on the whole considered foreign processes 
and products to be more advanced than those available 
domestically, and a significant majority of the same managers felt 
that this was a satisfactory s i t u a t i o n . A u s t r a l i a n management 
was also characterised by its inertia, conservatism, resistance to 
change, tunnel vision, and desire for quick returns on investment. 
This aversion to risk has been in part caused by the economic 
volatility since 1974; however it does not wholly explain the 
f r ightened, defensive att i tude of management. Improved 
management training to help Australian managers achieve 
approximation to the technical expertise of their OECD counterparts 
may help alleviate myopic attitudes. 
Technology Strategy may be defined as the synthesis of all 
firm-held knowledge that helps management choose an appropriate 
technological activity, allocate resources and arrange the context 
for the development and maintenance of the long term policy 
direction of the firm. Being long term in nature Technology Strategy 
is inexorably linked with other of the firm's activities including 
manufacturing, finance and human r e s o u r c e s . ^ ^ 
Historically the rise of Technology Strategy has a number of 
elements. It has a heritage in the earlier tradition of strategic 
management that had under l ined informal management 
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characteristics like leadership, interpersonal skills, experience and 
the more formal concepts associated with strategic planning. 
Strategic planning became increasingly discredited as sacrosanct 
views, such as large market shares, were reviewed. Also, foreign 
competitors, unused to strategic planning techniques, became more 
successful in the U.S. domestic market. Technology became seen as 
a key vehicle for creating wealth, and consequently the strategic 
planning style of the 1960's and 1970's receded. 
The aforementioned tenets of strategic management were 
increasingly rediscovered with the demise of strategic planning, 
and with them came renewed interest in the role of innovation. The 
management of innovation became of considerable interest in itself 
given the success of new generic technologies, the threat of global 
competit ion, shortening product cycles and the increasing 
information bases for the new technologies. Managements were 
forced to reappraise the previous view that technology was too 
hard to manage. 
Interest in technology became more pronounced as small high-
technology firms achieved success. This presented a model 
dependent neither upon huge strategic planning resources nor 
industrial R&D complexes. Success appears to be more a function of 
entrepreneurial risk taking, fluidity in firm structures, and a rapid 
response to vacillation in the market place. 
The success of foreigners, particularly the Japanese, forced 
U.S. firms to pay attention to the Japanese promotion of technology 
as a strategic weapon. 
"The growing importance of developing new technology in the 
corporate strategy of Japanese firms was increasingly recognised 
in the U.S. M.I.T.I. openly admitted that its future lay in higher 
value-added industries and technological innovation. 
Concurrent with the rise of technology was the increasing 
emphasis placed upon manufacturing as a strategic tool. The 
previous two decades had seen the decline in manufacturing as a 
corporate priority with its main purpose confined to fine tuning 
production. Again the foreign influence had by the 1980's seen 
issues raised in the U.S. such as flexibility, quality and quick 
process changes. 
As a result in this upswing in Technology Strategy 
development there have been theoretical attempts to construct 
fairly detailed paradigms of Technology Strategy design and 
evaluation e.g. Friar and Horwitch (1985), Porter (1985), and 
Bitondo and Frohman (1981). 
Friar and Horwitch examine the historical contingencies of 
Technology Strategy and attempt to contrast the policies and 
techniques of older style manufacturing with the newer technology 
based concerns. Friar and Horwitch call this Mode 1 behaviour -
small, high-technology entrepreneurship, as opposed to Mode 2 
which is large scale corporate R&D. 
Characteristics of Mode 1 behaviour include: 
"a strong commitment generally to a single, narrow or focused 
technology area; a comparatively small, informal and changing 
organisational structure; a technological champion as head of the 
firm or part of the top management team; and an overall climate 
and style of entrepreneurship and risk-taking. The key frequent 
weaknesses of Mode 1 organisations were also apparent: an absence 
of basic business skills, the huge and sometimes negative role that 
35 Ibid. p146 
the personality traits of the founder could play, a lack of various 
kinds of resources, and the dépendance usually on a single 
technology or product market area."36 
Traditional technology innovative processes are at work 
within the parameters of the Mode 2 organisation. Technology 
management decisions for the Mode 2 firms involved trade-offs 
between the type of innovation, the specific technologies to 
develop and the timing or positioning of entry into the market 
place. After deciding on this Mode 2 firms still have to decide 
internal strategic act ivi t ies such as resource al locat ion, 
monitoring and evaluation of technical procedures, internal 
technology transfer and the balance between R&D, ongoing 
development and the operations division. The weakness in this 
scenario is the lack of entrepreneurial risk taking, the cultivation 
of which is a major issue for modern Technology Strategy. 
Friar and Horwitch feel that the previous boundaries between 
Mode 1 and 2 organisations are beginning to blur as the small firms 
increase their managerial professionalism and the large corporate 
attempts to enshrine elements of Mode 1 conduct in their policy 
repertoire. From this amalgam of business practices comes modern 
Technology Strategies. Large technologically conscious firms 
decide their strategy along three dimensions; competit ive, 
s t ructura l , and dominion. Compet i t ive strategy involves 
consideration of competition or co-operation with other firms. 
Concerning structural decisions firms have to decide whether they 
want a large in-house R&D facility or the entrepreneurship found in 
a small firm. Domain determines the balance between internal 
development with external linkages. The achievement of an 
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appropriate trade-off along these dimensions is a major strategic 
task in the management of technology, although making the correct 
decisions and getting the right mix would not be as simplistic as 
Friar and Horwitch's model would suggest. 
The aim of Bitondo and Frohman in developing a Technology 
Strategy is to produce a hands-on guide for management. Crucial in 
their formulation is the firm's assessment of their strategic 
technical areas (STA). An STA is a firm's distinct technical ability 
that differentiates the firm from others; something that sets a 
firm apart from its competitors. A particular STA is defined by its 
technological activités and hardware, or scientific basis, product 
function and embodiment. 
Workshopping an R&D strategy is Botondo and Frohman's 
method for determining an STA. This should be decided by corporate 
department heads and key staff members who are perceived vision 
and idea generators, and are oriented towards technological change 
and its relationship with manufacturing capabilities. The chief 
executive facilitates this by acting as coordinating secretary. 
Issues to be decided in determining STA's include R&D strategy, 
objectives and posture, product strategy and life cycle, maturity of 
technology and technology acquisition. 
The development of a Technology Strategy for the appropriate 
business strategy can vary along a number of dimensions. R&D 
strategies can be positioned from offensive to defensive depending 
on market viability and business position. R&D effort can be 
postured from 'state of the art' invention to minor development of 
existing technology, taking into account product line needs and 
market share strategy. Product line strategy that may either 
el iminate old lines, or encourage new lines with new 
specifications. The needs of the product and its life cycle position 
will determine the emphasis in innovative efforts through product 
to process innovation to cost reduction. The maturity of the 
technology in its own life cycle will affect R&D and product 
development as will the technology acquisition strategy. 
Bitondo and Frohman give the firm a method with which to 
begin to organise and introduce a Technology Strategy. They display 
the complexity and variability of the decision making process that 
technology can influence and offer a more pragmatic slant to the 
similiar concerns of Friar and Horwitch. The work of Porter 
elaborates on previous views of Technology Strategy placing it 
within the wider structure of competitive strategy and advantage. 
It combines the theory of Technology Strategy with a strong 
practical element destined to be used 'at the coal face'. 
Porter believes that the relationship between technological 
change and competition is confused and misunderstood. He refutes 
the view that technological change is valuable for its own sake and 
that operating in a high technology sector is a guarantee of 
profitablity. Porter does concede that technology is the most 
influential factor influencing competition. Technological change is 
a competi t ive equaliser that ameliorates opportunit ies for 
technology leaders and followers, and can reduce advantages of 
incumbents. 
Technology is to Porter most crucial in the way it influences 
competitive advantage and industry structure. The competitive 
forces that dictate the degree and state of competition in an 
industry are the threat of entry, the bargaining power of suppliers, 
the bargaining power of customers, rivalry among existing 
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compet i t iors and substi tut ion, and alterat ions to industry 
boundaries and attractiveness. 
As a determinant of entry barriers technological change can 
increase or decrease econonnies of scale in nearly every activity of 
value to a firm. For example; flexible manufacturing systems may 
reduce scale economies where it may be raised by increasing the 
investment needed for a new model, or speeding the introduction of 
new products. The learning curve acquired in any new sector is 
underpinned by technological change. The learning curve results 
from alterations in production layout, yields and machine speeds, 
all elements of technological change. 
The power of customers is linked to differentiation and 
switching costs. The amount of perceived difference between 
products or processes, and the cost of switching to another product 
or system will determine the influence of the buyers. Similarly 
with suppliers technological change can force a firm to deal 
exclusively with a powerful supplier or it may demonopolise the 
market. 
Substitution is possibly the most common aspect of structural 
change caused by technology. This is primarily a function of product 
price and the switching costs involved in changing products. In 
addition to this, rivalry between competitors can be influenced by 
the level of fixed costs determined by the state of technology in an 
industry. 
Porter also recognises the fading of industry boundaries as 
the impact of technological change is felt, and that it may broaden 
or shrink them. Imprécisions are created by arbitrary differences 
between products and substitutes, existing firms and potential 
entrants, and existing firms relations with suppliers and buyers. 
Reduced transport or logistical costs, increased industry 
interrelationships can all be affected by the alteration of industry 
boundaries through technological change. 
The combination of the previous factors shows that 
technological change can worsen as well as improve industry 
structure. Enhanced customer power and lower entry barriers may 
reduce industry attractiveness while greater entry restrictions, 
protection from substitutes and the elimination of powerful 
suppliers may make an industry more attractive. The importance of 
this discussion is to demonstrate the complexities of technological 
change and its relationship with industry structure and the 
di f f icul t ies facing f irms when committ ing themselves to 
innovation and that the dual role of technology in industry structure 
and competitive advantage must be appreciated when formulating a 
Technology Strategy. 
As technology is embodied in every value activity in a firm, 
technological change can effect competitiveness through its ability 
to impact on virtually all activivties. 
"A firm, as a collection of activities is a collection of 
technologies."38 
For Porter the basic mechanism for understanding the role of 
technology is the value chain, as every value aspect uses technology 
of some description to combine purchased inputs and human 
resources to produce some output. 
In applying the value chain approach to Technology Strategy 
Porter identifies a number of generic strategies and technology 
postures that must be taken into account. The generic strategies 
are cost leadership, differentiation, cost focus, and differentiation 
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focus. Leadership and followship are the two technological postures 
proposed. 
The generic strategies are applicable to both product and 
process technologies as product change is not entirely concerned 
with differentiation, and process change is not exclusively cost-
oriented. The Technology Strategy in attennpting to achieve 
sustainable competitive advantage must court technologies that 
complement the firm's generic strategy. Innovation and R&D are 
necessarily tied to this and Porter proposes that focus should be on 
results to aid competitive advantage rather than scientific 
pursuits. This may be construed as a more sophisticated demand-
pull stance. 
The choice of the technology posture is dependent on three 
variables; sustainability of the technological lead, first mover 
advantages and first mover disadvantages. 
The sustainability of a technological lead is heavily dependent 
on the source of technology. Reliance on an external technology 
source makes maintenance of a technological lead more difficult, 
as access to the technology is open to competitors, thus tending to 
equalise the market. Sustainability is also more likely if a firm 
enjoys a cost or differentiation advantage. This can be partly 
achieved, in Porter's view, with the opportunities for cost 
advantages in R&D. These advantages can be found in varying parts 
of the innovation cycle such as basic and applied research, and 
product development. A firm with unique technology abilities when 
compared with competitors constitute these advantages; a 
theoretical construct similar to Bitondo and Frohman's STA's. These 
abilit ies are a function of factors such as management, 
organisational structure and culture, and the ability to hold 
talented personnel; all of which enhance an integrated R&D posture. 
The rate of diffusion of a technology can radically effect 
sustainability. Advantages in technology skills or cost advantages 
in R&D have their relative worth weakened if imitation of 
innovation is easily achieved. Basic product and process innovations 
are more susceptible to diffusion than later improvements that are 
to be of a proprietary nature. 
The benefits of being a first mover are numerous. A reputation 
of leadership may give a firm a profile that is difficult to 
overcome. Pre-empting a market position may be advantageous in 
forcing competitors into less desirable stances. If considerable 
switching costs are present first movers can create further sales 
because of the monetary and organisational costs involved. Control 
of desirable market channels may consolidate the position of the 
first mover. A proprietary learning curve improvement may occur 
with cost or differentiation advantage, and initiators may enjoy 
ease of access to facilities, inputs and resources. Apart from 
these, initiators are in a position to win early profits in a sector, 
to define standards for a technology, and to gain patent or 
government protection. 
There may be considerable disadvantages to be borne by 
pioneers. Costs such as regulatory approval, infrastructure 
development, high early costs and buyers education may make 
leadership unattractive. Demand uncertainty or changes in buyer 
needs can increase the vulnerability of initiators as investment and 
R&D decisions are made with a lengthy lead time to product 
fruition. Investments may be too specific for early product cycle 
developments and unable to be adopted for later generations, 
technology discontinuities may make existing technology used 
obselete, combining to make pioneering a more risky proposition.39 
Porter comments that the Abernathy and Utterback stance on 
product life cycles and the dematurity of technologies has been a 
powerful tool in understanding technology innovation. However as 
Porter shows the life cycle theory is not applicable in all sectors. 
This is particularly the case in industries with undifferentiated 
products (e.g. unprocessed primary products), or where automated 
mass-production is difficult to achieve and innovation is product 
oriented. 
In order to identify possible patterns for industry and 
technology evolutions, Porter identifies a number of variables 
while acknowledging technologys core position in the maturity 
arena. 
* Scale change. As firm and industry scale increase, new 
product and process technologies may become feasible. 
* Learning. Firms learn about product design and how to 
perform various value activités over time with resulting 
changes in the technology employed. 
* Uncertainty reduction and imitation. There are natural 
pressures for standardization as firms learn more about 
what buyers want and imitate each other. 
* Technology diffusion. Technology is diffused through a 
variety of mechanisims described earlier. 
* Diminishing returns to technological innovation in value 
activités. Technologies may reach limits beyond which 
further improvement is difficult, ^o 
39 M.Porter. Competitive Advantage. Free Press. N.Y. 1985. pp177-190 
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The industry characteristics that influence the technology life 
cycle pattern are the intrinsic ability to physically differentiate, 
the segmentation of buyer needs, the effects of scale economies 
and learning curves, the technology linkages between value 
activit ies, the ability to substitute, the limits for costs or 
technological improvements, the significance of external and 
internal sources of technology, and the continuity of technology 
evolution. 
Porter's mention of discontinuity seems to be an extension of 
the dematurity theme of the product life cycle theory. However, he 
gives it a broader position as he feels that it creates maximum 
potential for the alteration of competitive positions with the 
fluidity and fluctuations of market position and shares. 
As Porter's theoretical stance on Technology Strategy aims at 
identifying and indicating the underlying components, his views 
with respect to external sources are poignant and worthwhile. 
Porter applies his pragmatism to the area of the licensing of 
technology. When considering this Porter outlines a number of 
scenarios. Situations such as the inability to exploit a technology, 
the opening up of new markets, rapid technology standardisation, 
poor industry structure, enhancing good competition and reciprocity 
for anothers license are all valid reasons to consider licensing. 
Porter though urges caution in this area noting that numerous 
pitfalls await the unwary, as the increases in short term 
profitability are often small reward for long term dissipation of 
the firm's competitive advantage. Serious assessment of market 
strengths and potential competition are needed so that external 
sources are used in a 'win-win' fashion. 
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While Porter provides a valuable framework on which to hang 
Technology Strategy, a lack of attention to organisational culture, 
intangible assets and their nrianagement and the importance of 
various means of acquiring technology are not given a thorough 
treatment and mark a deficiency in his analysis. Assumptions such 
as the strategic manageability of knowledge, and organisational 
aspects are not fully explored, as is the potential for the reduction 
of innovation risks. While not denying Porter's contributions his 
study will not stand as the pinnacle of Technology Strategy 
research and policy. 
The question of technology acquisition has received attention 
in other quarters in recent times. The aquisition of technology is 
closely linked with other aspects of Technology Strategy in the way 
it can influence products and processes, shorten product cycles, 
dictate the pace of change and inexorably alter sectoral boundaries 
and structure. Coupled with the rise of formalised Technology 
Strategy is the attitude of the learning organisation. This paradigm, 
previously discussed, effects attitude toward technology 
acquisition in that it gives new credence to older concepts in 
innovation theory such as technology gatekeepers and information 
networks. 
The acquisition of new technology can be either internal or 
external. Internally, reliance is placed on formal R&D, in-house 
ventures and production engineering. Externally sourced technology 
is either freely available or obtained from, or in conjunction with, 
governments, universities or other firms. Scott-Kemmis, Darling 
and Johnston comprehensively display the permutations that these 
arrangements may display: 
While Porter provides a valuable framework on which to hang 
Technology Strategy, a lack of attention to organisational culture, 
intangible assets and their management and the importance of 
various means of acquiring technology are not given a thorough 
treatment and mark a deficiency in his analysis. Assumptions such 
as the strategic manageability of knowledge, and organisational 
aspects are not fully explored, as is the potential for the reduction 
of innovation risks. While not denying Porter's contributions his 
study will not stand as the pinnacle of Technology Strategy 
research and policy. 
The question of technology acquisition has received attention 
in other quarters in recent times. The aquisition of technology is 
closely linked with other aspects of Technology Strategy in the way 
it can influence products and processes, shorten product cycles, 
dictate the pace of change and inexorably alter sectoral boundaries 
and structure. Coupled with the rise of formalised Technology 
Strategy is the attitude of the learning organisation. This paradigm, 
previously discussed, effects attitude toward technology 
acquisition in that it gives new credence to older concepts in 
innovation theory such as technology gatekeepers and information 
networks. 
The acquisition of new technology can be either internal or 
external. Internally, reliance is placed on formal R&D, in-house 
ventures and production engineering. Externally sourced technology 
is either freely available or obtained from, or in conjunction with, 
governments, universities or other firms. Scott-Kemmis, Darling 
and Johnston comprehensively display the permutations that these 
arrangements may display: 
1. Internal generation 
A. Centralised R&D 
B. Internal venture nnanagement 
C. Production Engineering/Production-based 
2. External 
A. Freely available via intelligence work 
B. Governments 
1. co-operative R&D 
2. technology transfer or licensing for government 
laboratories 
3. innovation centres, industrial application centres 
C. Universit ies 
1. co-operative R&D 
2. hiring personnel 
3. contract R&D 
D. Other Firms 
1. industrial espionage 
2. imi ta t ion 
3. buying product-embodied technology 
4. buying into a venture capital firm 
5. hiring new personnel 
6. acquisition of other company 
7. external venture management 
8. licensing or cross-licensing 
9. franchising 
10. co-operative R&D 
11. contract R&D 
12. joint venture 
13. equity participation in another company 
The importance of external sources can be seen in the works 
of Friar and Horwitch, Bozeman and Link (1983), and Davis and 
Wilkof (1988). These indicate the authorial trend in innovation 
away from focusing on internal R&D. 
Fr iar and Horw i t ch , repo r t i ng T e c h n o l o g y S t ra tegy 
mechanisms from their examinations of the Wall Street Journal 
Index, show a significant rise in external acquisit ion techniques 
ranging from take-overs, licensing agreements and joint ventures 
to equity participation.43 They found that although R&D funding did 
not necessarily decrease its relative importance when compared 
with external acquisit ions was lessened. The Friar and Horwitch 
f indings belie the concerns of Porter to external acquisi t ion 
activit ies and display that either competit ive advantage is less 
vital than he believes, or that co-operation is seen as a legitimate 
method in pursuit of profitability. Friar and Horwitch concur: 
"If technology is to be used as a competit ive weapon, one 
would predict less growth among firms in sharing technology and a 
decreased growth rate in the use of several external-or iented 
approaches." 
Bozeman and Link agree that acquisition sources are wider 
than the efforts of individual f irms and that external market 
opportunities exist to aid R&D, and product development. They feel 
that acknowledgement of this is important in the formulation of 
government policy on technology. In industries with a high level of 
product standardisation, dominated by products at a certain stage 
42 m 
43 Friar & Horwitch. op.cit. pi 68 
44 pi 72 
of process development the best way of stimulating process 
innovation may, in their view, be encouraging the R&D efforts of the 
suppliers of an industry. 
A number of sectoral differences arise from the Bozeman and 
Link study where advances in the chemical industry are almost 
three times as likely to occur through R&D as those in the textile 
industry in the U.S. They also highlight government sponsored R&D, 
and both international and domestic licensing arrangements. 
Bozeman and Link feel that decisions to internalise R&D, or 
externally acquire it, are a function of cost efficiency. In justifying 
this view they rely on the theoretical stance offered by the 
technology life cycle in order to balance costs as against 
technological maturity. 
Davis and Wilkof set their work against the perception of the 
declining effectiveness of R&D in U.S. industry and aim to reconcile 
the role of information specialists with that of R&D. Davis and 
Wilkof acknowledge the work of previous studies by Allen (1977) 
and Tushman (1977), which have made an impact in the previous 
section of this work. However Davis and Wilkof wish to see the role 
of the gatekeeper expanded so that it becomes an organisational 
behaviour and not merely a specialist role.46 Thus Davis and Wilkof 
are arguing from a perspective of wishing to change organisational 
cultures. 
They contend that the transfer of technology information is 
inadequate and that a different style of management is required in 
order to facilitate that transfer. Basic to their perspective is the 
necessity for organisation to be organic, rather than heirarchical 
Bozeman & A.Link. Investments in Technology. Praeger, N.Y. 1983. p27 
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and bureaucratic in nature. This view fits well with the trend 
toward flexible structures and manufacturing in firms, and negates 
the need for employers to choose between professional and 
bureaucratic careers. 
The organic structure being held together by communality of 
interest rewards individuals for initiative, creativity and the 
acquisition of knowledge. All are seen as gatekeepers, as emphasis 
is now on collective intelligence. Technology and managerial 
distinctions now act in a complimentary fashion. The Davis and 
Wilkof outline for the transfer of technological information also 
fits well with Porter's unexpanded idea of the learning 
organisation. Davis and Wilkof don't evolve their ideas into a 
general Technology Strategy model, sufficing merely to provide 
guidelines for cultural change. In doing so they hark back a decade 
for their intellectual roots and make a 'quantum leap' to their 
stated position paying scant regard to developments that have 
taken place in innovation theory and Technology Strategy. 
Rothwell and Zegveld (1981), like Prager and Omenn (1980) 
show specific concern for linkages between universities and 
industry. While acknowledging university success in undirected 
research it is postulated that the importance on university 
research has declined as industry is increasingly responsible for 
its own research and because a new branch of science is only useful 
to industry while it is still in refinement. Indeed they cite figures 
that show that only 2.5% of commercialised innovations originated 
in universities. 
The interaction between universities and industry to Rothwell 
and Zegveld is a function of firm size with large, often R&D 
intensive firms enjoying closest links. Small and medium firms. 
who without the resources for major in-house R&D would be in a 
position to benefit most from linkages, have relatively few ties 
with academia. 
The way forward proposed by Rothwell and Zegveld is similar 
to that suggested by Prager and Omenn in that the government acts 
as a promoter of these links. The creation of university-industry 
liason officers is important in providing informal go-betweens and 
official databases, however a few positions cannot hope to fill the 
void. The opening of applied research centres carrying out contracts 
for universities may bridge the gap, as would innovation centres 
combining technology innovation and entrepreneurial attitudes. 
University companies, industrial parks and teaching companies are 
also postulated. 
A flaw in the Rothwell and Zegveld study is that they assume 
increasing contact between industry and universities is naturally a 
good thing. They make no attempt to examine the roles of both 
sectors, and where problems and benefits would be highlighted. 
Rothwell and Zegveld appear to favour government sponsored 
collective research where consortia between academia and interest 
groups are established to examine problems common to that sector. 
This is a response in emulation of MITI in Japan, and would appear 
to be more suited to a large firm strategy because of the 
specificity of smaller firms' problems and scope for action. In this 
regard contract research is advocated. While some problems are 
anticipated in terms of patents and proprietary research these 
collaborative consortia are seen as viable options in the face of 
international economic competition. 
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The studies discussed to this point have been largely slanted 
toward large firms in the major Western economies. The situation 
of a small economy with a high level of foreign penetration would 
seemingly offer a different situation for the formulation of 
innovation theory and Technology Strategy. This would be the case 
for Australia where foreign ownership has been explicit since 
British colonisation, though becoming increasingly evident since 
the post-war deal between the Chifley government and General 
Motors' to finance General Motor's expansion with Australian 
s a v i n g s . M o r e recently after the floodgates were opened by the 
Menzies government, the situation with Australian industry has 
been reached where numerous strategic sectors have extremely 
high levels of foreign ownership e.g. motor vehicles: 100%; oil 
refining: 90%; chemicals: 78%; brown coal and petroleum: 84%.49 
This situation has a spin-off effect on the levels of R&D in the 
Australian economy, as foreign corporations would tend to innovate 
in their home countries leaving client states like Australia 
technologically dependent. Science, in economic conditions such as 
these, is termed as marginalised as the work conducted may have 
little connection with the production process. 
Cooper (1973) examines the effect of the marginalisation of 
science in Latin America. The economies of Latin America are not 
dissimilar to that of Australia in that industrial development is 
aimed at import substitution. Technology is imported to satisfy 
local demand in the consumer, agricultural inputs and capital goods 
markets nullifying the need for indigenous technology to be created. 
When local technology does exist there tends to be prejudice 
48 G.Crough & T.Wheelwright. Australia: A Client State. Pelican. Melbourne. 1982. p3 
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against it on the basis of the innpression that foreign technology is 
likely to have a greater reputation for reliability. 
"Consequently science in the underdeveloped countries is 
largely a consunription item, whereas in industrialised countries it 
is an investment item."5o 
The importation of foreign, often proprietary technology is not 
in a society's long term interest. Creation of appropriate local 
technologies, or adaptation of imported ones, enhances local 
innovative capacities. However, convincing firms to take a wider 
cultural perspective beyond their own environs clashes with 
generally accepted business practice. The operation of market 
forces strangles opportunities for applied R&D learning and project 
construct ion. Therefore, the skills in relating science to 
production, which are increasingly highly prized in advanced 
countries, are either truncated or non-existent in technology-
dependent ones. 
This is not to say that it is feasible for countries with a high 
level of foreign ownership to develop a broadly based science 
capacity. As net importers of technology the need to develop an 
adaptive capacity is crucial for its intended sake and for the 
purpose of enhancing original R&D where appropr iate. 
Technologically dependant countries would be best served by having 
this capability fairly widely dispersed and near to production 
activity, as institutionalisation may decrease the responsiveness 
of industry to innovation and economic opportunities. 
Cooper applies this perspective to the product cycle theory with 
interesting results. The marginalised economies come into their 
own when the mature phase of a technology is entered. The semi-
50 C.Cooper. Science. Technology and Development. Frank Cass. London. 1973. p5 
monopolised position of the innovator has been eroded by diffusion, 
and output growth is not as steep as in previous sections of the 
cycle; the technology-dependent achieve some comparative 
advantage with the internationalisation of production. Transfer in 
this fashion is on the terms of the owners of the proprietary 
technology, via subsidiaries or l icensing agreements, that 
reinforces the supplier's position and doesn't add to the innovation 
of the domestic economy. 
Unless technology-dependent economies can become involved 
in the innovation process they are resigned to the perpetuation, and 
possible deepening, of their marginalisation and reliance. Questions 
remain in the Australian context as to the ability, and or will, of 
local industries to innovate actively, as well as to whether 
imported technology is of actual benefit in improving Australia's 
export position. A 'Catch-22' situation seems to exist in so far as 
current government policy espouses the need for technology 
imports for import replacement and export enhancement, yet these 
imports exhibit an increasing social cost to the community via the 
relationship between domestic interest rates and the current 
account deficit. The high levels of foreign ownership, with its 
apparent disinterest in localised R&D, poses policy questions for 
governments and firms on the effectiveness of domestic innovation 
initiatives to compete with large multinational corporations. 
It is probably unreasonable to expect every sector of the 
Australian economy to have the same dynamic, thus Australia would 
be best served by the development of some sectoral specialisation. 
Apart from the agricultural sector Australia has not developed any 
strong local technological cluster to compete internationally as 
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have others e.g. Finnish forest product technology, Danish food 
proceesing equipment and Venezuelan gas fired direct reduction 
steelmaking. 
Concerns such as these are borne out in figures that display 
the historically low levels of funding for R&D in Australia. As a 
percentage of G.D.P., R&D levels were running at 0.39% in 1985-86. 
While this is better than the 0.24% of a decade earlier, it is less 
than the 0.43% of 1968-69.52 Higher education R&D however has 
remained almost constant in the period 1969-85, fluctuating 
between 0.30 and 0.33% of G.D.P. 
Implications for the increased use of external sources are 
evident in that the private enterprise and non-profit groups made 
up only 5% of total funds for Higher Education R&D in 1984.53 
Significantly the Federal Government provided 93% of funds. The 
CSIRO is funded at a similar level from external business sources, 
although its position has improved throughout this decade. 
Australian business contribution to has jumped from 1.2% in 1981-
82, to 4.5% funding in 1988-89, (or in money terms, from 
approximately $4 million to $20 million).54 While external sources 
may be growing, these indicators by themselves do not indicate a 
revolution in business practice is occurring. Business in Australia 
does not appear ready to take the initiative in this area, for while 
60% of senior executives surveyed by Invetech 55 felt that the 
universities and CSIRO should be helping industry to a greater 
extent with increased levels of applied research, only 15% had 
worked previously with research institutions. 
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A relat ionship between external technology search 
mechanisms and levels of innovation and R&D in Australia may 
hopefully be highlighted by the results of the Roessner study 
carried out by the Centre for Technology and Social Change. While 
providing broad indicators of the direction of Technology Strategy 
it is beyond the scope of the research to make prescriptive 
statements with regard to microeconomic policy on its own. 
Situation specific use of this information however, may prove 
helpful as a guide to future directions in innovation and R&D. 
THE SURVEY RESULTS 
The genesis for the current research considered in this study 
was the lengthy visit paid by J. David Roessner to the Centre for 
Technology and Social Change (TASC), University of Wollongong in 
July, 1988. During his stay Roessner proposed that a similar study 
to the one he had piloted, concerning external technology search 
mechanisms in the U.S., be carried out in Australia. This author was 
brought in on the project by Don Scott-Kemmis to liaise with the 
majority of survey participants, and to administer and gather their 
data. Statistical computation of the data was prepared by Fran 
Collyer, from TASC, in February 1989. 
It was felt that conducting a survey of external technology 
search behaviours would be valuable because of its international 
comparabil i ty and the opportunities for uniqueness in the 
Australian context. The theoretical research previously dealt with 
is almost solely concerned with the state of innovation and 
Technology Strategy in the U.S. Data gathered from Australian firms 
will allow some insight to managerial attitudes in this country, and 
the parallels or differences that may exist with the international 
situation. The insights gathered into the domestic situation are 
informative in their own right as no study of this type has been 
undertaken in Australia. It thus allows for an original view to be 
presented on the influence of Technology Strategy, and this aspect 
in particular, in the policy perceptions of Australian industry. 
The participants in the External Technology Search survey are 
drawn from members of the Australian Industry Research Group. As 
its name would suggest, the AIRG is made up from firms from the 
broad spectrum of Australian industry, in possession of a research 
capacity. These firms exist in many of the various sectors of local 
industry. Representatives exist in the survey sample from 
manufactur ing, text i les, paper products, chemical, food, 
te lecommun ica t ions , b io techno logy , s teel , mining and 
pharmaceutical industries. 
The sample size was thirty-seven firms as diverse in size as 
the 'Big Australian', BHP, with over 50,000 employees, to concerns 
of under a hundred staff such as Ashland Chemical and Memtec. 
While there are wide extremes in the size of sample firms, it must 
be stated that the overwhelming majority of firms are large often 
multi-faceted operations. The firms considered also vary in their 
ownership, some are locally owned and others are the Australian 
subsidiary of foreign multinationals. The participants represent 
over 70% of the members of the AIRG, and give the findings some 
credence in accurately representing the state of external 
technology search, in larger R&D performers, in this country. 
Information concerning specific firms will not be used in this study 
so as not to breach the confidentiality of participants. The survey 
forms were completed by the Research Directors of each 
participating firm, as individuals best suited to understand 
individual corporate policy and strategy. 
The wide base of industry the sample is derived from will 
naturally have implications for the results obtained. The multi-
sectoral participation will mean that indications for specific 
sectors of industry will not be able to be precisely cast. However 
the ground-breaking nature of this research is such that the 
generalised, broadly based outcomes give valuable pointers to 
current business practice and possible impetus to further 
investigation in this field. 
The survey questionaire (see Appendix A) contains information 
about the: 
size of operations, 
turnover, 
R&D expenditures, 
effects of new technology on sales, 
commercialisation rate of new products arising from external 
technology, 
the effectiveness of and emphasis on tactical mechanisms, 
the effectiveness of and emphasis on strategic research 
mechanisms, 
the effectiveness of and emphasis on strategic business 
mechanisms, 
changes in emphasis on tactical, strategic research and 
strategic business mechanisms, 
causes of emphasis changes on external searches, 
the effect on policy and projects of R&D tax concessions, 
the financial allocation for professional development of R&D 
s ta f f , 
formal recognition for staff performance on external 
searches, and the relative importance of different sources 
for new knowledge and technology. 
It is also worth noting that when dealing with tactical 
mechanisms a definition of informal business practice is 
applicable, while strategic mechanism refers to the formalised 
policy directions of the firm in question. 
The perceived trends in overseas literature in the innovation 
and Technology Strategy arenas allow for the application of two 
general hypotheses; 
1) That Australian firms will have followed the 
international trend and increased their use of external technology 
search mechanisms over the past decade. 
2) That characterist ics of the firm's search 
mechanisms will be related to the size and innovativeness of the 
f i rm. 
It is not within the scope of this limited thesis to deal with 
all aspects of the survey results in vast detail. Thus it is proposed 
that priority will be paid to the sources of new technology, the 
emphasis and effectiveness of tactical and strategic mechanisms 
and the reasons for changes in emphasis in external technology 
search mechanisms. 
In examining the emphasis of firms on various tactical 
mechanisms in external technology search (Appendix A.2) it is 
evident that attendance at professional meetings was valued most 
highly, followed by telephone conversations with information 
contacts (other researchers, suppliers, customers) outside the firm 
and the use of on-line data bases. The role of informal gatekeepers 
was not as prized as the other alternatives, while fax machines and 
electronic mail are not seen as major tactical mechanisms. 
The effectiveness of tactical mechanisms reveals a slightly 
different picture to that of perceived emphasis of tactical 
mechanisms. On-line data bases are rated as the most effective 
tactical mechanism. Telephone conversations are the next most 
effective means with the other three mechanisms ranking closely 
behind. The role of the informal gatekeeper is observed as more 
effective in the firm's business practice than the emphasis given to 
it by survey participants. It may be speculated that the lower level 
of emphasis is due to the informal nature of tactical mechanisms, 
with the lower level of attention they receive in the firm's 
priorities, and the lack of official status given to gatekeepers in 
this category. 
Emphasis by firms on strategic, research related mechanisms 
(Appendix A.2) sees little activity taking place between industry 
and universities. Personnel exchanges and assignments are given a 
low priority, as is organising input from visiting researchers. More 
importance is attached to collaborative research with universities, 
which is given more credence than membership of other research 
consortia. However the mechanisms most frequently emphasised 
are the membership of trade and industry groups, the use of non-
university based consultants, firm sponsored seminars, and formal 
gatekeepers (in descending order of significance). 
Contact with universities is judged as being more effective 
than its degree of emphasis would attest to. However avenues such 
as the membership of trade and industry groups and the use of non-
university based consultants are likely to have an effectiveness 
equivalent to their high emphasis in the opinion of firms. 
Strategic business related mechanisms (Appendix A.3) reveal 
that the firms place least emphasis on equity investments in other 
organisations, as they perceive connections of this kind to be 
ineffectual for technology acquisition. This may be because 
purchasing equity does not necessarily mean the desired transfer of 
technology will occur, as control over the other firm is not assured. 
Other mechanisms were accentuated in particular technology 
agreements between firms and the licensing of technology. 
Production development agreements, joint ventures and direct 
acquisition were the next ranked in policy terms. All of these 
mechanisms involved the transfer of technology and technical 
information to the firm, upgrading the firm's capacities in a way 
that provides longer term advantage rather than the short-term 
boost to profits that may be provided by equity investment. 
The effectiveness of strategic business related mechanisms 
(Appendix B.4) bears a strong relationship to the policy importance 
attached to them. The licensing of new technologies is clearly the 
most favoured means of gaining greater technological capability. 
Technology agreements and production agreements are seen as 
efficacious, as is direct acquisition of firms containing relevant 
new technologies. Joint ventures are seen as slightly more 
beneficial when compared with the emphasis they receive, and 
equity investments are ranked as the least effective mechanism. 
The contrasts between strategic research and strategic 
business mechanisms (Appendices B.3 & B.4) reveals something 
about the attitude of Australian management toward innovation and 
R&D. Strategic business mechanisms are generally appreciated to a 
greater extent in policy terms, both in emphasis and effectiveness, 
than techniques related to research. Firms look to their own 
resources rather than the national science and technology 
infrastructure for technology. Links with universities are not 
sought after with great vigour, especially in the realm of 
broadening employee experience. Specific agreements between 
universities and industry to carry out research have a higher profile 
which is somewhat encouraging; however given the previously 
quoted DITAC figures it is clear that university-industry links have 
a long way to go before they reach the sophistication of the U.S. 
consortia described by Prager & Omenn and Fusfeld & Haklisch. 
Signs do exist that this may be changing. Australian universities 
are being induced by the Federal Education Minister, John Dawkins, 
to pursue closer ties with industry in applied research work. The 
plans by the University of Wollongong along the lines of a 
technology/business development park for its Campus East facility, 
and its recent announcement of a major research deal with Telecom 
are indications of changes being afoot. 
These pointers aside it is clear from the findings that 
industry currently prefers networking with trade and industry 
groupings and availing themselves of the services of non-university 
consultants rather than seeking external links with academia. 
It would appear from the results however that industry 
prefers strategic business mechanisms in order to acquire 
technology, rather than heavily promoting their own research 
related search programmes. The gaining of technology via licensing 
arrangements is the most favoured strategic mechanism. In many 
cases it is assumed that this would involve the licensing of 
technology originating from outside Australia. This coupled with 
the level of multinational participants in the survey and the stated 
lack of enthusiasm for domestic research raises the spectre of the 
marginalisation of Australian science. While it may appear to be a 
wise move by individual firms to license new technology, it can 
lead, as Cooper suggests, to the impoverishment of the local 
science and research base. This impoverishment has significant 
consequences for the level of manufacturing innovation, the 
strength of the domestic economy and the long-term standard of 
living enjoyed by citizens. Any future studies in tiiis field may wish 
to identify the level of foreign-sourced licences in order to more 
accurately address this concept. 
Tactical mechanisms (Appendix B.5), while not being formal 
company policy, are receiving more attention now than they were 
ten years ago. The use of informal gatekeepers is of a similar 
significance to that which it occupied a decade previously, however 
slight upgradings are recorded by avenues such as electronic mail, 
telephone networking and attendance at professional meetings. The 
greatest change is in the use of on-line data bases, which are 
perceived as the most effective tactical mechanism as well as 
enjoying an increased emphasis. 
One can only speculate as to the reason for this. It could well 
be that on-line data bases have recently come into their own as a 
business and research tool in the 1980's, and that the amount and 
type of knowledge they now hold is sufficient to be of importance. 
It is possible that as on-line data bases have spread so has their 
impetus as a tactical tool, to the stage where, apart from their 
usefulness, they are a fashionable status symbol for 'state of the 
art' researchers. As they are a relatively new mechanism it would 
be of interest that future researchers enquire to see if their 
popularity is maintained. Commentators such as Ian Reinecke have 
stated that problems with on-line bases may arise in the future as 
their stocks of knowledge become old or inaccurate. The fascination 
for the new supposition again appears of consequence when 
considering the other electronic communications marvel of the 
1980's; electronic mail or facsimilie machines. Fax machines 
report the second highest degree of change after data bases 
althought their impact has been less than that of computerised 
stores of knowledge. 
The change in emphasis in strategic research mechanisms 
(Appendix B.5) displays the ambivalence of industry. Once more the 
exchange and assignment of personnel to tertiary institutions 
demonstrates disfavour with industry, so much so that a sigificant 
decrease in emphasis is recorded. This is contrasted with the 
significant warming in corporate policymakers attitudes towards 
research agreements with universities and other firms. It is not 
known from the results what proportion of the agreements are 
concluded between the tertiary sector or with private firms. One 
may assume that firms are more positive to engage in activities 
with universities when specific projects have been determined, and 
are less likely to encourage contact with universities for less 
directed purposes. Indeed almost half of respondants also indicated 
a signif icant increase including grants and contracts with 
universities. This contact for specific tasks is reflected in the 
increased efforts of universities to enhance links with industry as 
previously noted. 
It is worth considering that despite the heavy emphasis given 
in innovation literature to the role of formal gatekeepers that there 
has not been a significant increase in their role as gatherers and 
custodians of externally sourced technical information. The reasons 
for this could be widely divergent. It may be as a result of the 
embracing of a broader based Technology Strategy where all 
members of the organisations are involved in the search for new 
and relevant information. Conversely the seeming stagnation of the 
formal gatekeeper may have arisen from the enhanced role of 
business mechanisms and the lower status afforded to research in 
Australia. There may be simply less of a need to seek external 
information if firms tend to buy technologies 'off the shelf via 
licenses or company acquisitions. 
The roles of the acquisition of other companies to gain new 
technical input, and to a lesser extent the licensing of new 
technologies from other firms, have seen the greatest accentuation 
in emphasis from among the strategic business mechanisms. That 
the acquisition of other firms should feature heavily is by no means 
surprising given the characteristics of entrepreneurial capitalism 
displayed throughout the 1980's. Takeover' has been a corporate 
buzzword of this decade with some firms displaying obsessive 
behaviour in either frenetically gobbling up competitors or 
reinforcing their own ownership in a bid to thwart potential 
raiders. (The ferocity of corporate acquisition activities may help 
to explain the downgrading of equity investments. Equity may bring 
access to firms with new technology but it does not yield control 
of the technology of the firm's cashflow as does acquisition.) Long-
term research and business goals have been eroded in favour of 
short-term profitability, growth and survival. Thus it may have 
suited a firm to acquire a firm with a needed technology wholly 
rather than invest in the time needed for research. Long 
development lead times for new technologies also makes 
acquisition a more attractive proposition when a bad investment 
decision and a downturn in profit may enhance vulnerability to 
takeover. Similarly the ability to license new technologies 'off the 
shelf is a financial incentive in itself. The firm is able to get a 
new product into the market quickly, reap profits, survive and 
prosper in a turbulent sharemarket and economy. Acquisition and 
licensing arrangements appear to make good business sense, 
however this does not deny the long-term perils concerning the 
development of appropriate technologies for the local market and 
the marginalisation of science. Overemphasis on acquisition may 
also endanger the parent firm's financial health when inflated 
prices are paid for new assets and technologies. The tales of 
bloodied entrepreneurs in Australia over the past two years is 
testimony to this. 
When questioned on the reasons for the alterations of 
emphasis in tactical and strategic mechanisms (Appendix B.6), 
respondents could choose from five main categories; changes in 
Technology Strategy, greater awareness of sources, changes in 
major relevant technology developments, greater investment in 
technology development, and increased competitive pressures. By 
far the most significant reason was increased competitive 
pressures. With the general nature of these variables the survey is 
unable to unravel which particular competit ive pressures 
respondents were refering to. It may be assumed that the pressures 
discussed throughout this study may give a fair guide to that which 
is alluded to in this response e.g. increased technology 
sophistication in new products and processes, the high cost of R&D 
and product development, short product lifecycles, and the need for 
maintenance and enhancement of profitability. Greater investments 
in technology, changes in Technology Strategy and greater 
awareness of external sources all rank closely together in that 
order, displaying the reality that the need for competitive 
advantage is of paramount concern in arriving at a suitable 
Technology Strategy, and that firms will not invest in technolgy, 
adopt new corporate policies or actively seek new external 
technology avenues, except in response to the power of the market 
in which they compete. The low ranking given to new nnajor 
technology developments relevant to the firm's sphere of influence 
shows that industry will not adopt new technologies for the sake of 
using them. Technology must fit in with the firm's business plan 
and the bottom line is market share and profitability. Technological 
determinism obviously is not a consideration when arbitrating on 
the type of external search mechanism to be used as part of a 
firm's Technology Strategy. 
Survey respondents indicated their preferred sources for new 
technologies from the following alternatives: equipment suppliers; 
materials, intermediaries or component suppliers; specialist 
service suppliers. All alternatives were rated as a major influence 
in obtaining pertinent new technologies, although a predilection 
was displayed toward information tendered by customers or users 
(Appendix B.7). Indeed R&D oriented firms were more inclined to 
involve themselves in joint technology development projects with 
customers and users than with any other specific external source. 
No participants indicated a willingness to engage in this with 
specialist services suppliers, while other avenues were considered 
worthy although to a lesser extent than with customers and users. 
A result such as this allows to a trend toward product innovation 
rather than process improvement, as firms are more interested in 
refining the final product to suit the users, and the increases in 
plant efficiency and costs that may be achieved with the other 
mechanisms, are of lesser consequence. Given the multi-sectoral 
nature of the survey it would not be possible to draw profound 
conclusions as to the effect of the relationship between 
product/process innovation and the technology life cycle theory. A 
larger sample in each representative sector would be required. 
The effect of government tax concessions for R&D has had 
some impact on R&D policies of firms. The 150% rebate has been 
responsible for approximately an average 20% increase in R&D 
expenditure. It has also been instrumental in causing some re-
evaluatio n of R&D priorities for a slight majority of firms. This 
result is one of the few statistics available in this field and has 
already been of significance. The Minister of Industry, Technology 
and Commerce, Senator John Button, has used this aspect of the 
study (released in a statement by TASC) to successfully persuade 
the Treasurer, Paul Keating, to retain this concession. The response 
by government to this result is an indication of the seriousness 
with which innovation enhancement is viewed by the government as 
being significant to the national interest. 
When the increased level of emphasis in external sources is 
compared with number of employees, size of the firm's turnover, 
and the extent of R&D expenditure, it is quite obvious that a 
positive relationship exists between all these factors and that 
larger firms do devote a greater proportion of their resources to 
uncovering suitable sources of external technical information. 
Firms with a greater annual turnover also place a greater emphasis 
on external search mechanisms. While firms with the largest R&D 
expenditures are more intensely interested in exploring external 
mechanisms than firms with low R&D budgets, they do not 
necessarily spend more than medium ranked R&D performers. The 
proving of the second of the hypotheses posited earlier opens up a 
conundrum for policy makers. Smaller firms, with generally a more 
restricted financial base, apportion a smaller part of their budgets 
to external technology searches. However, it may well be the case 
that firms such as these are in a greater need for an enhanced 
innovative capacity and need the opportunities opened up to them by 
external avenues of information. It would appear necessary for 
governments and industry organisations to encourage these firms of 
the potential benefits available to those who adopt a 
comprehensive Technology Strategy. 
It is acknowledged that most indicators in the survey signify 
some increase in emphasis in external technology search 
mechanisms. The level of significance is not such that the first 
hypothesis, concerning the duplication of overseas trends toward 
increased usage of external technology links, is wholeheartedly 
proven. While Australian firms are becoming more aware of these 
developments they are not pursuing them with the enthusiasm of 
their overseas competitors. Slavish imitation for its own sake is 
not being advocated but in the challenging global economy 
inadequate explorat ion of all instruments for possible 
augmentation of competitive advantage appears tantamount to 
committing commercial suicide. 
CONCLUSION 
This study conducted into external technology search 
mechanisms and their effect has shed some light on the state of 
innovation and Technology Strategy in Australia. It has shown that 
gathering new technologies and information from sources outside 
the firm has a positive profile within the broad spectrum of 
Australian industry, yet as an issue it is not of vital significance, 
at the close of the 1980's, to organisational policymakers and 
strategists. This is despite the fact that survey firms reported 
approximately a third of sales and new products arise from new 
technologies, including those emanating from outside the firm. This 
demonstrates that either business is conservative when seizing the 
opportunit ies apparent in innovation, or that management's 
immediate priorit ies are concerned with things other than 
developing long-term competitive advantage with an integrated 
Technology Strategy. The findings of this research are encouraging 
enough to indicate that further, future endeavours in this field may 
indeed be worthwhile. The evolution of innovation theory and 
Technology Strategy has been such that it is increasing In 
importance as the technical complexities of products grows and the 
world economy continues to vacillate. The need and desirability for 
viable Technology Strategies will only increase in the future as 
government and industry aim to operate in a more global mode. Thus 
the results of this study offer a preliminary indication of methods 
that are likely to become accepted business practice as we head 
toward the twenty-first century. 
APPENDICES 
A SURVEY QUESTIONNAIRE 
B RAW SCORES 
C STATISTICAL ANALYSIS 
External Technology Search 
Questionnaire for R&D Managers 
Company.^ 
Person còmpleting questionnaire. 
Title 
Brief Description of Responsibilities 
Phone Date 
Guide to completing the questionnaire 
This questionnaire should be filled out by someone with broad, overall knowledge of 
the company's external technical information and technology search activities. It 
should be returned to the Centre for Technology and Social Change at the University of 
Wollongong via FAX [the FAX number is (042) 281032] or in the enclosed 
stamped and addressed envelope. Alternatively, by prior arrangement, a member of 
the Centre's staff will call you so that the questionnaire can be completed over the 
phone. 
Please answer by following the directions in parentheses after each question. Feel free 
to add information as necessary to reflect your experiences. We are seeking overall, 
approximate information and recognise that precise answers usually will not be 
possible. Please give your best estimate in each case (including "don't know") rather 
than leaving the answers blank. 
C o n f i d e n t i a l i t y 
The answers you provide will be held in the strictest confidence. Any published 
analysis using data from this survey will contain no information that can be identified 
with any individual firm or respondent to this questionnaire. 
1. The three items below deal with descriptive information about your company. 
Consider only Australian operations if you are part of a multinational corporation. 
(Approximate answers are fine.) 
Number of employees in all Australian operations 
Total turnover in the last financial year 
Total research and development expenditures in 
the last financial year 
2. Approximately what percentage of your company's sales are the result of products 
or processes developed during the past five years? Include technology acquired from 
outside the company. (Place an "X" in the appropriate place on the scale.) 
0% 20% 40% 60% 80% 100% 
A\ 
3. Approximately what percentage of your company's new and improved products and 
processes that have been commercialised, in the last two years originated from ideas 
and/or technology external to the company? (Place an "X" in the appropriate place on 
the scale.) 
' 0% 20% 40% 60% 80% 100% 
4. Below is a list of mechanisms that companies can use for external technology and 
technical information search. After each mechanism listed: 
(a) in the FIRST (EMPHASIS) blank estimate on a scale of 1 to 10 the level of 
emphasis your firm places on this mechanism, relative to the other mechanisms 
listed; (Little or no emphasis 1 2 3 4 5 6 7 8 9 10 Greatest emphasis) 
and (b) in the SECOND (EFFECmVENESS) blank indicate on a scale of 1 to 10 
your judgment of the effectiveness of this mechanism, relative to the other 
mechanisms listed. 
(Note that a company could place a great deal of emphasis on an ineffective 
mechanism or little emphasis on a highly effective one.) 
MECHANISM EMPHA- EFFECT-SIS IVENESS 
T a c t i c a l M e c h a n i s m s 
- attendance at professional meetings or symposia 
- telephone conversations with persons outside the firm, 
usually other researchers but sometimes involving 
suppliers and customers as well 
- search using on-line data bases 
- interaction with other researchers, but also suppliers or 
customers, via electronic mail 
- informal gatekeepers (people who perform this function 
but are not formally recognized or rewarded for 
pcrfoiming it) 
S t r a t e g i c , R e s e a r c h - r e l a t e d M e c h a n i s m s 
- personnel exchanges with universities 
- personnel assignments to universities, including sabbaticals. 
- visiting researcher programs 
- cooperative research agreements with universities 
or other firms 
- company-sponsored seminars 
- membership in research consortia 
- technology transfer officers or information specialists 
responsible for external technology search 
(i.e.,formal gatekeepers) 
- company membership in trade and industry groups 
such as the Australian Industrial Research Group 
- consultants other than university-based 
- grants, fellowships, research contracts with universities 
(question continues on next page) 
Al 
S t r a t e g i c , Bus ines s - r e l a t ed M e c h a n i s m s 
- product development agreements 
- technology agreements 
- licensing 
- joint ventures 
- acquisitions 
- equity investments 
O t h e r Mechan isms (please specify) 
EMPHA- EFFECT-
SIS IVENESS 
5. For those mechanisms you rated most effective in your company, please give a 
brief explanation of why you believe them to be so effective. 
6. How has the relative emphasis your company places on each technology search 
mcchanism changed over the past ten years? 
1 = significant decrease in emphasis 
2 = not much change in emphasis 
3 = significant increase in emphasis 
MECHANISM CHANGE IN EMPHASIS 
DURING LAST 10 YEARS 
(circle one number) 
Tactical Mechanisms 
- attendance at professional meetings or symposia 1 2 3 
- telephone conversations with persons outside the firm, 
usually other researchers but sometimes involving 
suppliers and customers as well 1 2 3 
- search using on-line data bases 1 2 3 
- interaction with other researchers, but also suppliers or 
customers, via electronic mail 1 2 3 
- informal gatekeepers (people who perform this function 
but arc not formally recognized or rewarded for 
performing it). 1 2 3 
(question continues on next page) 
A3 
MECHANISM 
S t ra t eg ic , Research- re la ted Mechan i sms 
CHANGE IN EMPHASIS 
DURING LAST 10 YEARS 
(circle one number) 
- personnel exchanges with universities 1 2 3 
- personnel assignments to universities, 1 2 3 
- visiting researcher programs 1 2 3 
- cooperative research agreements with universities 
or other firms 1 2 3 
- company-sponsored seminars 1 2 3 
- membership in research consortia 1 2 3 
- technology transfer officers or information specialists 
responsible for external technology search 
(i.e., formal gatekeepers) 1 2 3 
- company membership in trade and industry 
organisations such as the Australian Industrial 
Research Group 1 2 3 
- university-based consultants 1 2 3 
- consultants other than university-based 1 2 3 
- grants, fellowships, research contracts with universities 1 2 3 
S t r a t eg ic , Business-re la ted Mechan i sms 
- product development agreements 1 2 3 
- licensing ^ ^ ^ 
- joint ventures - 1 2 3 
- acquisitions ^ ^ ^ . . 1 9 
- equity investments ^ ^ ^ 
Other Mechanisms (please specify) 
^ 2 ^ 
~ 1 2 3 
^ ~ 1 2 3 
7. Overall, how has your company's emphasis on external technology search changed 
over the last ten years? 
-significant decrease, 
-not much change 
-significant increase . 
(skip to question 8) 
(skip to question 8) 
(anwer question 7a) 
7a. Why do you think this increased emphasis has occurred? 
(check all that apply) 
- change in the company's technology strategy 
- greater awareness of sources 
- major technological developments occurred that 
arc relevant to the company 
- greater investment by the company in 
A A -
technological devel 
- increased competitive pressures 
- other (please describe) 
8. The following short questions are concerned with the impact - if any - of the 150% 
tax concession for R&D on your firm's R&D policies and activities: 
8a. Has the concession led directly to an increase in R&D expediture; if so by 
how much? 
0% 20% 40% 60% 80% 100% 
8b. Has it led to any change in the type of projects undertaken? Please 
specify. 
8c. Has it led to a re-evaluation of R&D policy? 
no 
to some extent, 
comprehensive. 
9. How much docs your company allocate annually, on average, for each R&D 
professional to attend professional meetings? 
$ average per person per year 
10. Docs your company provide formal recognition for staff 
performance of external search activities? (Check all that apply.) 
- external technology search activities are included 
in job descriptions of R&D staff — — 
- external technology search activities are included 
in job descriptions of some nonR&D staff. 
- external technology search activities are used 
as criteria for regular performance appraisals 
- other (please describe) 
11. Equipment and materials suppliers, and customers, sometimes are significant 
sources of technical information and new technology. How important arc they for your 
company? 
1 = not a significant source of information or new technology 
2 = some flow of technical information or technology 
3 = a major source in some specific product areas or technologies 
A s 
4 = a major source of technical information or technology 
5 = we carry out joint technological development with them 
SOURCE SIGNIFICANCE 
i 
- equipment suppliers 1 2 3 4 5 
- materials, intermediaries, or 
components suppliers 1 2 3 4 5 
- specialist services suppliers 1 2 3 4 5 
- customers or users 1 2 3 4 5 
That's all! Thanks very much for your time. We hope that the results will be of use to 
you and your company. 
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2 5 1 2 2 1 3 2 5 1 2 2 5 1 6 0 
2 6 8 0 0 0 1 1 1 4 4 4 4 2 4 3 7 8 0 
2 7 2 0 0 0 3 4 3 5 1 3 3 3 1 8 0 
2 8 1 1 1 2 1 2 5 4 5 4 6 1 1 4 
2 9 2 0 0 1 1 1 1 2 4 3 4 1 7 0 
3 0 1 2 2 4 3 1 4 1 3 3 7 1 0 3 
3 1 1 5 0 0 1 2 2 3 5 4 4 1 4 3 
3 2 5 0 0 1 1 1 5 4 4 3 2 3 4 8 1 2 3 
3 3 1 3 2 2 2 1 0 7 1 4 0 
3 4 1 1 2 1 1 1 3 2 4 3 5 9 7 
3 5 2 0 2 2 1 3 1 5 1 4 3 3 1 7 1 
3 6 1 0 0 3 3 1 2 4 3 0 2 0 1 
3 7 6 0 0 2 2 21 2 4 2 2 1 2 2 3 6 2 
o v e « . « / 
Q>> ^ o f 
H ' — p D / W v ^ o - S _ 
S o i ^ r a z s -Çoc 
CH 
Bi 
1 03 1 0 4 1 0 5 1 0 6 1 0 7 10 8 
1 1 1 2 : 0 .07 1 0 
2 1 1 3 0 
3 1 1 3 0.3^ ̂  1 0 
4 2 1 2 1.07 2 : 0 
5 2 2 ' 1 0.62 : 1 0 
6 3 1 1 6.39 1 4 0 
7 2 1 3 1.7 2 0 
8 3 2 1 0.6 1 0 
9 1 2 1 0.38 1 0 
1 0 1 1 2 0.57 1 0 
1 1 2 1 3 25 4 0 
1 2 3 1 1 0 
1 3 3 2 1 0.99 1 0 
1 4 3 1 1 2.25 3 0 
1 5 2 2 1 1.19 2 0 
1 6 3 2 1 0.49 1 0 
1 7 2 2 1 1.59 2 0 
1 8 1 3 1 0 
1 9 3 1 1 0.7 . 1 0 
2 0 3 2 1 3.68 3 0 
2 1 2 1 3 28.95 4 0 
2 2 3 1 1 0.17 1 0 
2 3 2 1 2 1.25 2 0 
2 4 2 2 1 1.71 2 0 
2 5 2 3 1 2.27 3 0 
2 6 2 1 1 0.45 1 0 
2 7 1 3 1 3 3 0 
2 8 2 2 1 1.94 2 • 0 
2 9 1 3 1 0.8 1 0 
3 0 2 1 1 1.5 2 0 
3 1 1 2 1 0.8 1 0 
3 2 2 2 1 4.86 3 0 
3 3 2 2 1 0 
3 4 2 1 2 0.6 1 0 
3 5 1 3 1 2.12 3 0 
3 6 1 3 1 0.72 1 0 
3 7 1 1 1 1.85 2 \ 0 
Summary List O f Var iables 
M a l n d a t a . M a s s 
T e c h n o l o g y S t r a t e g i e s 
J u n e 1 9 8 9 A n a l y s i s 
X I (Identification number of the company) 
X 2 (Number of Employees, continuous variable) 
X 3 (Turnover to nearest '0000, continuous variable) 
X 4 (R&D expenditure to nearest '0000, continuous variable) 
X5 ( % Sales from new technology) 
X6 ( % new products from external technology) 
Company Emphasis on Tactical Mechanisms for Technology Search 
V7 (Attendence at meetings for tech search, code 0-10) 
V 8 (Phone conversations for tech search, code 0-10) 
V 9 (Data Bases for tech search, code 0-10) 
VIO (Electronic mail for tech search, code 0-10) 
V I I (Informal gatekeepers for tech search, code 0-10) 
Company Emphasis on Strategic, Research-Related Mechanisms 
V 1 2 (Personnel exchange, Uni's, for tech search, code 0-10) 
V 1 3 (Personnel assignments, Uni's, for tech search, code 0-10) 
V 1 4 Ò'isiting research programmes, for tech search, code 0-10) 
V 1 5 (Research agreements, uni's & firms, for tech search, code 0-10) 
V 1 6 (Firm sponsored seminars, for tech search, code 0-10) 
V17 (Member of research consortia, for tech search, code 0-10) 
V 1 8 (Formal Gatekeepers, for tech search, code 0-10) 
V 1 9 (Member trade and industry group, for tech search, code 0-10) 
V 2 0 (Non-University Consultants, for tech search, code 0-10) 
V21 (Grants & contracts with uni's, for tech search, code 0-10) 
Company Emphasis on Strategic, Business-Related Mechanisms 
V22 (Product development iigrcenients, for tech search, code 0-10) 
(Technology agreements, for tech search, code 0-10) 
V24 (Licensing,* for tech search, code 0-10) 
V 2 5 (Joint ventures, for tech search, code 0-10) 
V26 (Aquisition, for tech scarch, code 0-10) 
V27 (Equitv investments, for tech search, code 0-10) 
V 2 8 (Other mechanisms, for tech search, code 0-10) 
V 2 9 (Other mechanisms, for tech search, code 0-10) 
V 3 0 (Other mechanisms, for tech search, code 0-10) 
V 3 1 (Other mechanisms, for tech search, code 0-10) 
Effectiveness of use of Tactical Mechanisms For Technology Search 
V 3 2 (Attendence at meetings for tech search, code O-IO) 
V 3 3 (Phone conversations for tech search, code 0-10) 
V 3 4 (Data Bases for tech search, code 0-10) 
V 3 5 (Electronic mail for tech search, code 0-10) 
V 3 6 i n f o r m a l gatekeepers for tech search, code 0-10) 
A I 
Effectiveness of use of Strategic, Research-Related Mechanisms 
V 3 7 (Personnel exchange, Uni's, for tech search, code 0-10) 
V38^ (Personnel assignments, Uni's, for tech search, code 0-10) 
V 3 9 (Visiting research programmes, for tech search, code 0-10) 
V 4 0 (Research agreements, uni's Sl firms, for tech search, code 0-10) 
V 4 1 (Firm sponsored seminars, for tech search, code 0-10) 
V 4 2 (Member of research consortia, for tech search, code 0-10) 
V 4 3 (Formal Gatekeepers, for tech search, code 0-10) 
V 4 4 (Member trade and industry group, for tech search, code 0-10) 
V 4 5 (Non-University Consultants, for tech search, code 0-10) 
V 4 6 (Grants & contracts with uni's, for tech search, code 0-10) 
Effectiveness of use ofStrategic, Business-Related Mechanisms 
V 4 7 (Product development agreements, for tech search, code 0-10) 
V 4 8 (Technology agreements, for tech search, code 0-10) 
V 4 9 (Licensing, for tech search, code 0-10) 
V 5 0 (Joint ventures, for tech search, code 0-10) 
V 5 1 (Aquisition, for tech search, code 0-10) 
V 5 2 (Equity investments, for tech search, code 0-10) 
V 5 3 (Effectiveness of Other mechanisms, for tech search, code 0-10) 
V 5 4 (Effectiveness of Other mechanisms, for tech search, code 0-10) 
V 5 5 (Effectiveness of Other mechanisms, for tech search, code 0-10) 
V 5 6 (Effectiveness of Other mechanisms, for tech search, code 0-10) 
Change in emphasis placed on tactical mechanisms over past ten years, 
V51 (Attendence at meetings for tech search, code 1-3) 
V 5 8 (Phone conversations for tech search, code 1-3) 
V 5 9 (Data Bases for tech search, code 1-3) 
V 6 0 (Electronic mail for tech search, code 1-3) 
V 6 1 (Informal gatekeepers for tech search, code 1-3) 
Change in emphasis placed on strategic^ research-related mechanisms 
over past ten years. 
V62 (Personnel exchan<:e, Uni's, for tech search, code 1-3) 
V 6 3 a'crsonnel assignments, Uni's, for tech scarch, code 1-3) 
V64 (Visiting research programmes, for tech search, code 1-3) 
V 6 5 (Research agreements, uni's & firms, for tech search, code 1-3) 
V 6 6 (Firm sponsored seminars, for tech search, code 1-3) 
V67 (Member of research consortia, for tech search, code 1-3) 
V 6 8 (Formal Gatekeepers, for tech search, code 1-3) 
V 6 9 (Member trade and industry group, for tech search, code 1-3) 
V 7 0 (University Consultants, for tech search, code 1-3) 
V 7 1 (Non-Universitv Consultants, for tech search, code 1-3) 
V 7 2 (Grants & contracts with uni's, for tech search, code 1-3) 
CI 
Change in emphasis placed on strategic, business-related mechanisms 
over past ten years. 
V73 ' (Product development agreements, for tech search, code 1-3) 
V74 (Licensing, for tech search, code 1-3) 
V75 (Joint ventures, for tech search, code 1-3) 
V76 (Aquisition, for tech search, code 1-3) 
V77 (Equity investments, for tech search, code 1-3) 
V78 (Other mechanisms, for tech search, code 1-3) 
Reason for the change of emphasis 
V81 (change in technology strategy, code yes=l, no=2) 
V82 (a greater awareness of sources, code yes=l, no=2) 
V83 (major relevant technological developments, code yes=l, no=2) 
V84 (greater company investment in tech. devel., code yes=l, no=2) 
V85 (increased competitive pressures, code yes=l, no=2) 
V86 (other reasons, code yes=l, no=2) 
Other Questions 
V87 (150% concession has increased R&D expenditure,code 1-100%) 
V88 U50% concession has led to re-evaluation of R&D policy, no=l , 
some=2, comprehensive re-evaluation=3) 
V89 (Amount for persons to attend meetings, continuous variable) 
Ways that firm recognises staff external technology search activities 
V90 (activities included in R&D job descriptions, code yes=l, no=2) 
V91 (activities included in some non-R&D descriptions, yes=l, no=2) 
V92 (activities used for performance criteria, code yes=l, no=2) 
Importance of the folloM'ing as sources for new technology 
V93 (equipment suppliers) 
V94 (materials, intermediaries or component suppliers) 
V95 (specialist services suppliers) 
V96 (customers or users) 
Other Questions 
V97 (Employees, recoded) 
V98 (Turnover, recoded) 
V99 (R&D expenditure, recoded) 
VlOO (Level of increased emphasis on using search mechanisms, 
highest number = highest increase in emphasis) 
V l O l (Level of no change in emphasis on search mechanisms, highest 
number = least amount of change) 
V 1 0 2 (Level of de-emphasis on search mechanisms, highest number = 
greatest amount of de-emphasis) 
V 1 0 3 (Levels of change in use of search mechanisms, high code= high 
increase in emphasis, low code = low increase in emphasis) 
V 1 0 4 (Levels of no change in increasing use of search mechanisms,high 
code=high level of no change, low code=low level of no change) 
V 1 0 5 (Levels of de-emphasis in use of technology search mechanisms, 
high code=greatest de-emphasis, low code=littIe de-emphasis) 
V106 (R&D/Turnover % , continuous variable) 
V107 (R&D/Turnover % , recoded) 
^ so ^ ? ^ ^ n ^ ^^^ ^^^ ^ 
rr&fw î ouo "jii^cL. \<yuS — 
cyvo -
Statist ical Analysis of the Technology 
Aquis i t ion Survey 
Apri l 1989 
Introduce the data set: 
Name of input file : MAINDATA 
Name of output file : MAINDATA.MASS 
Number of variables : 106 (includes 'dummy' variable) 
Number of extra variables : 2 
Check Data - okay. 37 cases written. 
Summary Statistics MAINDATA.MASS 
Total of 37 cases processed. 
Variable Cases Mean Min Max Standard StndErr 
name active value value value deviation of Mean 
XI 37 19.00 1.00 37.00 10.82 1.1 s 
X2 36 4707.42 80.00 50700.00 . 9089.41 1514.90 
X3 35 82973.71 41.00 940000.00 178365.54 • 30149.27. 
X4 33 809.76 2.00 5680.00 1446.52 . 251.84 -
X5 36 32.50 0.00 100.00 29.75.: 4,96 
X6 35 29.43 0.00 80.00 28.51- 4.82 
XI 37 5.43 LOO 10.00 2.32 0.38: 
X8 37 5.22 2.00 9.00 2.23 
0.3658 
X9 37 5.08 0.00 10.00 3.19 0.52 
XIO 37 3.78 0.00 10.00 2.93. 0.48: 
X l l 36 3.94 0.00 9.00 2.6vl 0.43'. 
X12 36 2.25 0.00 9.00 2.37' QM -
X13 36 2.14 0.00 9.00 2.38-. 
X14 36 2.11 0.00 9.00 2.29: 0.38.. 
X15 35 4.11 0.00 9.00 2.65 0.45. 
X16 37 4.32 0.00 8.00 2.57 0.421 
X17 36 4.00 0.00 9.00 2.7C 0.45 
X18 35 4.09 0.00 8.00 2.44. 0.4L 
X19 37 5.43 1.00 10.00 2.30: 0.36 
X20 36 4.72 0.00 10.00 2.65 0.4^ 
X21 36 ,3.64 0.00 10.00 2.87 OAS 
X22 35 4.60 0.00 9.00 2.67, 0.45" 
X23 36 5.17 0.00 10.00 2.82. 0.47' 
X24 37 5.43 0.00 10.00 3.1L 0.51 
X25 36 3.53 0.00 10.00 2.71 , 0.45 
X26 36 4.92 0.00 10.00 2.91. 0.4^ 
X27 35 2.26 0.00 10.00 2.3-1 - 0.38 
X28 10 7.90 6.00 10.00 l.i^O 0.50' 
X29 4 6.75 4,00 8.00 1.89: 0.9'S , 
X30 2 6.00 5.00 7.00 1.41 1.00- -
C 5 
Summary Statistics continued 
Variable Cases Mean Min Max Standard Stnd Err 
name active value value value deviation of Mean 
X31 1 8.00 8.00 8.00 * * 
X32 36 4.89 0.00 8.00 1.92- 0.32, 
X33 36 5.36 2.00 9.00 2.03^ 0 .3^ 
X34 36 5.69 0.00 10.00 2.69. 0 . 4 s 
X35 34 4.76 0.00 . 10.00 3M . 0.52 
X36 34 4.56 0.00 9.00 2,6.8 
0,4590 
X37 31 3.13 0.00 8.00 2 . 4 ^ OA^ 
X38 30 2.83 0.00 8.00 2.13^ 0.3^ 
X39 29 3.03 0.00 8.00 2.41 0 .45 : 
X40 32 4.62 0.00 8.00 2.5A ^ 0.4-S, 
X41 32 4.62 1.00 10.00 2.46 0.43 -
X42 32 • 4.34 1.00 9.00 2.36: " 0.4Z 
X43 32 4.78 1.00 10.00 2.73: 0.48.' 
X44 35 5.09 1.00 9.00 2.09' 0.35: 
X45 33 5.21 0.00 10.00 2.87 O.SO _ 
X46 30 4.03 0.00 8.00 2.41 0.44r 
X47 30 5.60 1.00 10.00 2.59 0.47^ 
X48 33 5.61 1.00 10.00 2,5Lt 0.44. 
X49 32 6.41 1.00 10.00 2.55 0.45. 
X50 31 4.71 0.00 10.00 2.70 . 0.48-
X51 33 5.33 1.00 10.00 2.82 0.49 . 
X52 28 2.96 0.00 10.00 2.38. 0.45 . 
X53 9 8.00 5.00 10.00 1.73: 0.5 8 
X54 3 5.33 4.00 7.00 1.53 0.88 
X55 2 5.50 4.00 7.00 2.12. 1.50> 
X56 1 6.00 6.00 6.00 * * 
X57 37 2.11 1.00 3.00 0.6^ _ O.li 
X58 37 2.14 1.00 3.00 0.54- 0.09 
X59 37 2.49 1.00 3.00 0.73. 0.12 
X60 36 2.17 1.00 3.00 0.56 0.09 
X61 37 2.00 1.00 3.00 0.71 . O.IZ -
X62 35 1.97 1.00 3.00 0.5J 0.19 
X63 35 1.80 1.00 3.00 0.63, O.IJ , 
X64 32 1.72 1.00 3.00 0.52.. 0.09 
X65 36 2.28 1.00 3.00 0,7S. O.IB 
X66 35 2.17 1.00 3.00 0.7/ 0.12 _ ^ V 
X67 35 2.14 1.00 3.00 0.6<5 O.ll 
X68 36 2.08 1.00 3.00 0.6S 
0.1082 
0.09 X69 37 2.19 1.00 3.00 0.5'7 
X70 36 2.03 1.00 3.00 0.65 O.ll 
Summary Statistics continued 
Variable Cases Mean Min Max Standard StndErr 
name active value value value deviation of Mean 
X71 37 2.22 1.00 3.00 0.75- . 0.12: 
X72 36 2.25 1.00 3.00 0.73 0.12 
X73 36 2.28 1.00 3.00 0.5L 0.0^ 
X74 36 2.31 LOO 3.00 0 .67 O.IL 
X75 35 2.09 1.00 3.00 0.74.. O.L . 
X76 36 2.67 1.00 3.00 0.5.9 0J3 
X77 34 1.91 LOO 3.00 0.62 0.10. 
X78 4 2.75 2.00 3.00 0.50 0.25 
X79 0 * * * * • 
X80 0 * * * • * 
X81 23 1.39 LOO 2.00 O.SO . 0.10 
X82 23 1.39 1.00 2.00 0.50 0.10 
X83 23 1.61 1.00 2.00 0 . 5 0 ^ 0.10 . 
X84 23 1.35 1.00 2.00 0 .49 0.10. 
X85 22 1.18 LOO 2.00 0.39 0.08 
X86 7 0.86 0.00 1.00 0.3'B 0.14' 
X87 27 19.56 0.00 100.00 20.74. _ 3.99' 
X88 27 1.59 LOO 3.00 0.57_ O.IL 
X89 26 1525.08 2,00. 8000.00 1742.^ 41.69. 
X90 29 1.21 0.00 2.00 0.49 0.09- -
X91 29 1.55 1.00 2.00 0.51 0.09 
X92 29 1.79 LOO 2.00 0.41 0.01 
X93 36 2.97 1.00 5.00 L2g 0.2L 
X94 36 3.17 1.00 5.00 1.18. O.D^ 
X95 34 2.68 1.00 4.00 1.01 0.17 
X96 36 3.28 1.00 5.00 1.30' 020 
X97 37 1.89 0.00 4.00 0.99 0.16. 
X98 37 3.27 0.00 5.00 1.37 0.22 
X99 37 2.62 0.00 4.00 1.11 0.18. 
XlOO 37 6.27 0.00 13.00 2.921. 0.48. 
XlOl 37 10,68 2.00 20.00 4.2if 0.70 
X102 37 3.35 0.00 13.00 3.8^' 0.63 
X103 37 1.92 1.00 3.00 0.76 0.12 
X104 37 1.68 1.00 3.00 Q.iS:. 0.12. 
X105 37 1.41 1.00 3.00 0.72. 0.12. 
X106 37 0.00 0.00 0.00 0 . 0 0 . . 0.00. 
X107 0 * * * * * 
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